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TARGETED CHROMOSOMAL GENOMIC ALTERATIONS IN PLANTS 
USING MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 



Field Of The Invention 

The technical field of the invention is oligonucleotide-directed repair or alteration of plant 

genetic information using novel chemically modified oligonucleotides. 

Background Of The Invention 

A number of methods have been developed specifically to alter the genomic information 
of plants. These methods generally include the use of vectors such as, for example, T-DNA, carrying 
nucleic acid sequences encoding partial or complete portions of a particular protein which is expressed in 
a ceil or tissue to effect the alteration. The expression of the particular protein then results in the desired 
phenotype. See, for example, United States Patent 4,459,355 which describes a method for transforming 
plants with a DNA vector and United States Patent 5,188,642 which describes cloning or expression 
vectors containing a transgenic DNA sequence which when expressed in plants confers resistance to the 
herbicide glyphosate. The use of such transgene-containing vectors adds one or more exogenous copies 
of a gene in a usually random fashion at one or more integration sites of the plant's genome at some 
variable frequency. The introduced gene may be foreign or may be derived from the host plant Any 
gene which was originally present in the genome, which may be, for example, a normal allelic variant: 
mutated, defective, and/or functional copy of the introduced gene, is retained in the genome of the host 
plant 

These methods of gene alteration are problematic in that complications which can 
compromise the vigor, productivity, yield, etc. of the plant may result One such problem is that insertion 
of exogenous nucleic acid at random locations) In the genome can have deleterious effects. The random 
nature of this insertion and/or the use of exogenous promoters can also cause the timing, location or 
strength of expression of the introduced transgene to be inappropriate or unpredictable. Another problem 
with such systems includes the addition of unnecessary and unwanted genetic material to the genome of 
the recipient including, for example, T-DNA ends or other vector remnants, exogenous control 
sequences required to allow production of the transgene protein, which control sequences may be 
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exogenous or native to the host plant and/or the transgene, and reporter genes or resistance markers. 
Such remnants and added sequences may have presently unrecognized consequences, for example, 
involving genetic rearrangements of the recipient genomes. In addition, concerns have been raised with 
consumption, especially by humans, of plants containing such exogenous genetic material. 

More recently, simpler systems involving poly- or oligo- nucleotides have been described 
for use in the alteration of genomic DNA These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases in a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepair or frameshift alterations, for example, for 
mutation or repair of plant, animal or fungal genomes. See, for example, WO 99/07865 and U.S. Patent 
5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted stretch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved in complex stability. Due to the length, backbone composition, and structural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
alteration, a series of mutagenic reactions resulting in nonspecific base alteration can result Such a 
result reduces the utility of such a molecule in methods designed for targeted gene alteration. 

Alternatively, other oligo- or poly- nucleotides have been used which require a triplex 
forming, usually polypurine or polypyrimidine, structural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalently linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize the 
formation of-a triplex and can be mutagenic. Such agents may be required in order to stabilize the triplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
oligonucleotide/targetbase composition are insufficient See, e.g., U.S. Patent 5,422,251. The utility of 
these oligonucleotides for directing targeted gene alteration is compromised by a high frequency of 
nonspecific base changes. 

In more recent work, the domain for altering a genome is linked or tethered to the triplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
domain to the oligonucleotide. See, e.g., Culver et al., Nature Biotechnology 17: 989-93 (1999). Such 
chimeric or triplex forming molecules have distinct structural requirements for each of the different 
domains of the complete poly- or oligo-nucleotide in order to effect the desired genomic alteration in either 
episomal or chromosomal targets. 
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Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g., Kunzelmann et al., GejjelheL 3:859-867 
(1 996) Similar efforts to target genes by homologous recombination in plants using large fragments of 
DNA had some success. See Kempin et al., Nature 389:802-803 (1997). However, the efficiency and 
reproducibility of the published homologous recombination approach in plants has severely limited the 

widespread use of this method. 

Earlier experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide rather than larger fragments of DNA, wherein the 
oligonucleotide had no functional domains other than a region of complementary sequence to the target 
See Campbell et al., New Biologist 1 : 223-227 (1989). These experiments required large concentrations 
of the oligonucleotide, exhibited a very low frequency of episomal modification of a targeted exogenous 
plasmid gene not normally found in the cell and have not been reproduced. However, as shown m 
examples herein, we have observed that an unmodified DNA oligonucleotide can convert a base at low 
frequency which is detectable using the assay systems described herein. 

Oligonucleotides designed for use in the targeted alteration of genetic information are 
significantly different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectly complementary to and bind an mRNA strand in order to modify express.on 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome Furthermore, the backbone chemical composition used in most oligonucleotides des.gned for 
use in antisense approaches renders them inactive as substrates for homologous pairing or mismatch 
repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

Artificial chromosomes can be useful for the screening purposes identified here.n. These 
molecules are man-made linear or circular DNA molecules constructed from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray et al., 1983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large segments of genomic DNA to be cloned 
and modffied (Burke et a.., Science 236:806; Peterson et a.., Trends Genet 1 3:61 (1997); Choi, et a.., Nat 
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Genet, 4:1 1 7-223 (1 993), Davies, et al., Biotechnology 1 1 :91 1-914 (1 993), Matsuura, et al., Hum. Mol. 
Genet, 5:451-459 (1996), Peterson et al., Proc, Natl. Acad. Set, 93:6605-6609 (1996); and Schedl, et at, 
Cell, 86:71-82 (1996)). Other vectors also have been developed for the cloning of large segments of 
genomic DNA, including cosmids, and bacteriophage P1 (Sternberg et at, Proc. Natl. Acad. Sci. U.SA, 
87:103-107 (1990)). YACs have certain advantages over these alternative large capacity cloning vectors 
(Burke et at, Science, 236:806-812 (1987)). The maximum insert size is 35-30 kb for cosmids, and 100 
kb for bacteriophage P1, both of which are much smaller than the maximal insert size for a YAC. 

An alternative to YACs are cloning systems based on the E. coli fertility factor that have 
been developed to construct large genomic DNA insert libraries. They are bacterial artificial 
chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) (Mejia et at, Genome Res. 
7:179-186 (1997); Shizuya et al., Proc. Natl. Acad. Set 89:8794-8797 (1992); loannou et at, Nat Genet, 
6:84-89 (1994); Hosoda et al., Nucleic Acids Res. 18:3863 (1990)). BACs are based on the £ coli fertility 
plasmid (F factor); and PACs are based on the bacteriophage PI These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. The PACs and BACs are circular DNA molecules that are readily isolated 
from the host genomic background by classical alkaline lysis (Birnboim et al., Nucleic Acids Res. 
7:1 51 3-1 523 (1 979)). In addition, BACs have been developed for transformation of plants with high- 
molecular weight DNA using the T-DNA system (Hamilton, Gene 24:107-1 16 (1997); Frary & Hamilton, 
Transgenic Res. 10: 121-132 (2001)). 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficiently alter target DNA. 

Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants are identified and the efficiency of alteration is analyzed both in vitro using a cell-free extract assay 
and in vivo using a yeast system and a plant system. The alteration in an oligonucleotide of the invention 
may comprise an insertion, deletion, substitution, as well as any combination of these. Site specific 
alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for creating 
plants with desired phenotypes, including, for example, environmental stress tolerance, improved 
nutritional value, herbicide resistance, disease resistance, modified oil production, modified starch 
production, and altered floral morphology including selective sterility. As described herein, 
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oligonucleotides of the invention target directed specific gene alterations in genomic double-stranded 
DNA in cells. The target genomic DNA can be nuclear chromosomal DNA as well as plastid or 
mitochondrial chromosomal DNA. The target DNA can also be a transgene present in the plant cell, 
including; for example, a previously introduced T-DNA For screening purposes, the target plant DNA can 
also be extrachromosomal DNA present in plant or non-plant cells in various forms including, e.g., 
mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as well as episomal DNA 
including episomal DNA from an exogenous source such as a plasmid or recombinant vector. Many of 
these artificial chromosome constructs containing plant DNA can be obtained from a variety of sources, 
including, e.g., the Arabidopsis Biological Resource Center (ABRC) atthe Ohio State University, and the 
Rice Genome Research Program atthe MAFF DNA bank in Ibaraki, Japan. The target DNA may be 
transcriptionally silent or active. In a preferred embodiment the target DNA to be altered is the non- 
transcribed strand of a genomic DNA duplex. In a more preferred embodiment, the target DNA to be 
altered is the non-transcribed strand of a transcribed gene of a genomic DNA duplex. 

The low efficiency of targeted gene alteration obtained using unmodified DNA 
• oligonucleotides is believed to be largely the result of degradation by nucleases present in the reaction 
mixture or the target cell. Although different modifications are known to have different effects on the 
nuclease resistance of oligonucleotides or stability of duplexes formed by such oligonucleotides (see, 
e.g., Koshkin et al., -I Am. Chem. Soc. 1 20:1 3252-3), we have found that it is not possible to predict 
which of any particular known modification would be most useful for any given alteration event, including 
for the construction of gene alteration oligonucleotides, because of the interaction of different as yet 
unidentified proteins during the gene alteration event Herein, a variety of nucleic acid analogs have been 
developed that increase the nuclease resistance of oligonucleotides that contain them, including, e.g., 
nucleotides containing phosphorothioate linkages or 2'-0-methyl analogs. We recently discovered that 
single-stranded DNA oligonucleotides modified to contain Z-O-methyl RNA nucleotides or 
phosphorothioate linkages can enable specific alteration of genetic information at a higher level than 
either unmodified single-stranded DNA or a chimeric RNA/DNA molecule. See, for example, copending 
applications United States application no. 60/208,538, United States application no. 60/244,989, United 
States application no. 09/81 8,875, international application no. PCT/US01/09761 and Gamper et al., 
Nndgir. Acids Research 28: 4332-4339 (2000), the disclosures of which are incorporated herein in their 
entirety by reference. We also found that additional nucleic acid analogs which increase the nuclease 
resistance of oligonucleotides that contain them, including, e.g., "locked nucleic acids" or TNAs", xylo- 
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LNAs and L-ribo-LNAs; see, for example, Wengel & Nielsen, WO 99/14226; Wengel, WO 00/56748; 
Wengel, WO 00/66604; and Jakobsen & Koshkin, WO 01/25478 also allow specific targeted alteration of 
genetic information. ~ 

The assay allows for determining the optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
modification or modifications, optimum strand targeted for identifying and selecting the most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated, an oligonucleotide fully substituted with 2'-0-methyl analogs or an RNA 
oligonucleotide. Such control oligonucleotides either fail to direct a targeted alteration or do so at a lower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for determining 
the optimum position of a gene alteration event within an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concentrations, as well as optimization of either the source of cell extract by testing different plants or 
strains, or testing cells derived from different plants or strains, or plant cell lines. Using a series of 
single-stranded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
several new structures are identified as viable molecules in nucleotide conversion to director repair a 
genomic mutagenic event When extracts from mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay in bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chimera 
structure when evaluated using an in vitro gene repair assay. Similar results are also observed in vivo 
using yeast mammalian and plant cells. Molecules containing various lengths of modified bases were 
found to possess greater activity than unmodified single-stranded DNA molecules. 

Detailed Description Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near the termini of the oligonucleotides, and methods for their 
identification and use in targeted alteration of plant genetic material, including gene mutation, targeted 
gene repair and gene knockout The oligonucleotides are preferably used for mismatch repair or 
alteration by changing at least one nucleic acid base, or for frameshift repair or alteration by addition or 
deletion of at least one nucleic acid base. The oligonucleotides of the invention direct any such alteration, 
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including gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate (-knockout") a particular protein activity. For example, gene 
alterations that knockout a particular protein activity can be obtained using oligonucleotides designed to 
convert a codon in the coding region of the protein to a stop codon, thus prematurely terminating 
translation of the protein. Oligonucleotides that introduce stop codons in the open-reading-frame of the 
protein are one embodiment of the invention. Generally, oligonucleotides that introduce stop codons 
early in the open-reading-frame of the protein are preferred. If the open-reading-frame contains more 
than one methionine, oligonucleotides that introduce stop codons after the second methionine are 
preferred. Additionally, if the gene exhibits alternative splice sites, oligonucleotides that introduce stop 
codons in exons after the alternative splice site are preferred. The following table provides examples of 
codons that can be converted to stop codons by altering a single oligonucleotide. A skilled artisan could 
readily identify other codons that can be converted to stop codons by altering one, two or three of the 
base pairs in a given codon. Similarly, a skilled artisan could readily identify codons that can be 
converted to stop codons by a frameshift mutations that inserts or deletes one or two base pairs in the 
open-reading-frame. It is also understood that more than one stop codon can be generated in a single 
open-reading-frame and that these stop codons can be adjacent in the sequence or separated by 
intervening codons. Where more than one stop codon is introduced into a single open-reading-frame, 
such alterations can be generated by a single or multiple oligonucleotides and can be generated 
simultaneously or by sequential mutagenesis of the target nucleic acid. 



Original codons* 


Corresponding stop codon 


GGA (glycine), AGA (arginine), CGA (arginine), TJA (leucine), 
TCA (serine), TGT (cysteine), TGG (tryptophan), TGC (cysteine) 


TGA 


AAG (lysine), GAG (glutamate), CAG (glutamine), TIG (leucine), 
TCG (serine), TGG (tryptophan), TAT (cysteine), TAC (tyrosine) 


TAG 


AAA (lysine), GAA (glutamate), CM (glutamine), TTA (leucine), 
TCA (serine), TAT (cysteine), TAC (tyrosine) 


TAA 



*The amino acid encoded by the original codon is shown in parentheses and the base targeted for 
alteration to convert the codon to the corresponding stop codon is underlined and in bold 
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The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique backbone composition that differs from chimeric RNA- 
DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- or oligonucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation in a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligonucleotide, and 
having at least one modified end, preferably at the 3' terminal region, are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5,565,350. Preferred oligonucleotides of the invention have at least two modified 
bases on at least one of the termini, preferably the 3' terminus of the oligonucleotide. Oligonucleotides 
of the invention can efficiently be used to introduce targeted alterations in a genetic sequence of DNA in 
the presence of human, animal, plant, fungal (including yeast) proteins and in cells of different types 
including, for example, plant cells, fungal cells including S. cerevisiae, Ustillago maydis, Candida albicans, 
and mammalian cells. Particularly preferred are cells and cell extracts derived from plants including, for 
example, experimental model plants such as Chlamydomonas reinhardtii, Physcomitrella patens, and 
Arabidopsis thaliana in addition to crop plants such as cauliflower {Brassica oleracea), artichoke {Cynara 
scolymus), fruits such as apples (Ma/us, e.g. domesticus), mangoes {Mangifera, e.g. indica), banana 
(Musa, e.g.* acuminata), berries (such as currant Ribes, e.g. rubrum), kiwifruit {Actinidia, e.g. chinensis), 
grapes {Vrtis, e.g. vinifera), bell peppers {Capsicum, e.g. annuum), cherries (such as the sweet cherry, 
Primus, e.g. avium), cucumber {Cucumis, e.g. sativus), melons {Cucumis, e.g. melo), nuts (such as 
walnut, Juglans, e.g. regia; peanut Arachis hypogeae), orange [Citms, e.g. maxima), peach {Pwnus, e.g. 
persica), pear (Pyra, e.g. communis), plum [Pmnus, e.g. domestical strawberry {Fragaria, e.g. moschata 
or vesca), tomato {Lycopersicon, e.g. esculentum); leaves and forage, such as alfalfa (Medicago, e.g. 
sativa or tmncatula), cabbage (e.g. Brassica oleracea), endive (Cichoreum, e.g. endMa), leek {Allium, 
e.g. ponvm), lettuce (Lactuca, e.g. sativa), spinach {Spinacia, e.g. oleraceae), tobacco {Nicotiana, e.g. 
tabacum)', roots, such as arrowroot {Maranta, e.g. arundinacea), beet {Beta, e.g. vulgaris), carrot 
{Daucus, e.g. carota), cassava {Manihot, e.g. esculenta), turnip {Brassica, e.g. rapa), radish {Raphanus, 
e.g. sativus), yam {Dioscorea, e.g. esculenta), sweet potato {Ipomoea batatas)] seeds, including oilseeds, 
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such as beans {Phaseolus, e.g. vulgaris), pea (Pisum, e.g. sativum), soybean (Glycine, e.g. max), 
cowpea (Wgna unguiculata), mothbean (Vigna aconitifolia), wheat (Triticum, e.g. aestivum), sorghum 
(Sorghum e.g. bicolor), barley (Hordeum, e.g. vulgare), corn (Zea, e.g. mays), rice (Oryza, e.g. saf/Va), 
rapeseed {Brassica napus), millet (Panicum sp.) ( sunflower (Helianthus annuus), oats (Ai/ena saf/Va), 
chickpea (C/'cer, e.g. arietinum); tubers, such as kohlrabi (Brassica, e.g. o/eraceae), potato (Solanum, e.g. 
tuberosum) and the like; fiber and wood plants, such as flax (Linum e.g. usMissimum), cotton 
(Gossyp/um e.g. hirsutum), pine (P/nus sp.), oak (Quercus sp.), eucalyptus (Eucalyptus sp.), and the like 
and ornamental plants such as turfgrass (Lolium, e.g. rig/cft/m), petunia (Petunia, e.g. x hyorida), hyacinth 
(Hyacinthus orientalis), carnation (Dianthus e.g. caryophyllus), delphinium (Delphinium, e.g. a/ac/s), Job's 
tears (Coix lacryma-jobi), snapdragon (Antirrhinum majus), poppy (Papaver, e.g. nudicaule), lilac 
(Syringa, e.g. vulgaris), hydrangea (Hydrangea e.g. macrophylla), roses (including Gallicas, Albas, 
Damasks, Damask Perpetuals, Centifolias, Chinas, Teas and Hybrid Teas) and ornamental goldenrods 
(e.g. Solidago spp.). Such plant cells can then be used to regenerate whole plants according to methods 
described herein or any method known in the art. The DNA domain of the oligonucleotides is preferably 
fully complementary to one strand of the gene target, except for the mismatch base or bases responsible 
for the gene alteration event(s). On either side of the preferably central DNA domain, the contiguous 
bases may be either RNA bases or, preferably, are primarily DNA bases. The central DNA domain is 
generally at least 8 nucleotides in length. The base(s) targeted for alteration in the most preferred 
embodiments are at least about 8, 9 or 10 bases from one end of the oligonucleotide. 

According to certain embodiments, one or both of the termini of the oligonucleotides of 
the present invention comprise phosphorothioate modifications, LNA backbone (including LNA derivatives 
and analogs) modifications, or 2'-0-methyl base analogs, or any combination of these modifications. 
Oligonucleotides comprising 2'-0-methyl or LNA analogs are a mixed DNA/RNA polymer. The 
oligonucleotides of the invention are, however, single-stranded and are not designed to form a stable 
internal duplex structure within the oligonucleotide. The efficiency of gene alteration is surprisingly 
increased with oligonucleotides having internal complementary sequence comprising phosphorothioate 
modified bases as compared to 2-0-methyl modifications. This result indicates that specific chemical 
interactions are involved between the converting oligonucleotide and the proteins involved in the 
conversion. The effect of other such chemical interactions to produce nuclease resistant termini using 
modifications other than LNA (including LNA derivatives or analogs), phosphorothioate linkages, or 2'-0- 
methyl analog incorporation into an oligonucleotide can not yet be predicted because the proteins 
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involved in the alteration process and their particular chemical interaction with the oligonucleotide 
substituents are not yet known and cannot be predicted. 

In the examples, oligonucleotides of defined sequence are provided for alteration of 
genes inr particular plants. Provided the teachings of the instant application, one of skill in the art could 
readily design oligonucleotides^) introduce analogous alterations in homologous genes from any plant 
Furthermore, in the tables of these examples, the oligonucleotides of the invention are not limited to the 
particular sequences disclosed. The oligonucleotides of the invention include extensions of the 
appropriate sequence of the longer 120 base oligonucleotides which can be added base by base to the 
smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of the invention include for 
each correcting change, oligonucleotides of length 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 
1 1 1 , 1 1 2, 1 1 3, 1 1 4, 1 1 5, 1 1 6, 1 1 7, 1 1 8, 1 1 9, or 1 20 with further single-nucleotide additions up to the 
longest sequence disclosed. In some embodiments, longer nucleic acids of up to 240 bases which 
comprise the sequences disclosed herein may be used. Moreover, the oligonucleotides of the invention 
do not require a symmetrical extension on either side of the central DNA domain. Similarly, the 
oligonucleotides of the invention as disclosed in the various tables for alteration of particular plant genes 
contain phosphorothioate linkages, 2-O-methyl analog or LNA (including LNA derivatives and analogs) or 
any combination of these modifications just as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any . 
combination of additional LNAs (including LNA derivatives and analogs), phosphorothioate linkages or 2 - 
O-methyl analogs to maximize conversion efficiency. For oligonucleotides of the invention that are longer 
than about 17 to about 25 bases in length, internal as well as terminal region segments of the backbone 
may be altered. Alternatively, simple fold-back structures at each end of a oligonucleotide or appended 
end groups may be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of tiie aforementioned backbone modifications at each end. In some embodiments, the backbone 
modifications are adjacent to one another. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary with the length of the oligonucleotide and the 
particular type of backbone modification(s) that are used. If constructs of identical sequence having 
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phosphorothioate linkages are compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having 2'-0-methyl base analogs are compared, 1, 2, 3 or 4 
analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 
efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal position(s) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 
testing the various modifications as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely 2'-0-methyl 
substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages, LNAs or 2'-0-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 
of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tide thereby allowing it to survive within the cellular environment. However, this may not be the only 
possible mechanism by which such modifications confer greater efficiency of conversion. For example, 
as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
efficiency of conversion than other modifications. 

. Efficiency of conversion is defined herein as the percentage of recovered substrate 
molecules that have undergone a conversion event Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal element that exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 
the desire change. The oligonucleotides of the invention in different embodiments can alter DNA two, 
three, four, five, six, seven, eight, nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 
control oligonucleotides. Such control oligonucleotides are oligonucleotides with fully phosphorothiolated 
linkages, oligonucleotides that are fully substituted with 2'-0-methyl analogs, a perfectly matched 
oligonucleotide that is fully complementary to a target sequence or a chimeric DNA-RNA double hairpin 
oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide length, additional modifications interfere with the 
ability of the oligonucleotide to act in concert with the cellular recombination or repair enzyme machinery 
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which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
example, fully phosphorothiolated or fully 2-O-methylated molecules are inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 
5 of genetic material, including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either strand of DNA and can include . 

1 0 any component of the genome including, for example, intron and exon sequences. The preferred 

embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed strand of a 
genomic DNA duplex. In other words, the preferred oligonucleotides of the invention target the sense 
strand of the DNA, i.e. the oligonucleotides of the invention are complementary to the non-transcribed 
strand of the target duplex DNA. The sequence of the non-transcribed strand of a DNA duplex is found in 

1 5 the mRNA produced from that duplex, given that mRNA uses uracil-containing nucleotides in place of 
thymine-containing nucleotides. 

Moreover, the initial observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene 
alteration activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded 

20 hairpin control or single-stranded oligonucleotides comprising other backbone modifications was 

surprising. The single-stranded molecules of the invention totally lack the complementary RNA binding 
structure that stabilizes a normal chimeric double-stranded hairpin of the type disclosed in 
U.S. Patent 5,565,350 yet is more effective in producing targeted base conversion as compared to such a 
chimeric RNA-DNA double-stranded hairpin. In addition, the molecules of the invention lack any 

25 particular triplex forming domain involved in Hoogsteen interactions with the DNA double helix and 

required by other known oligonucleotides in other oligonucleotide-dependant gene conversion systems. 
Although the lack of these functional domains was expected to decrease the efficiency of an alteration in 
a sequence, just the opposite occurs: the efficiency of sequence alteration using the modified 
oligonucleotides of the invention is higher than the efficiency of sequence alteration using a chimeric 

30 RNA-DNA hairpin targeting the same sequence alteration. Moreover, the efficiency of sequence 

alteration or gene conversion directed by an unmodified oligonucleotide is many times lower as compared 
to a control chimeric RNA-DNA molecule or the modified oligonucleotides of the invention targeting the 
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same sequence alteration. Similarly, molecules containing at least 3 Z-O-methyl base analogs are about 
four to five fold less efficient as compared to an oligonucleotide having the same number of 

phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 17 
to about 121 nucleotides in length, preferably about 17 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about 25 bases in length, unless there 
are self-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of the present invention. 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize, since self- 
dimerization may result in reduced efficiency of alteration of genetic information. Checking for self- 
dimerization tendency can be accomplished manually or, preferably, using a software program. One 
such program is Oligo Analyzer 2.0, available through Integrated DNA Technologies (Coralville, IA 52241) 
(http://www.idtdna.com); this program is available for use on the world wide web at 
http://www.idtdna.com/program/oligoanalyzer/ 
oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 
associated with such self-dimerization. Delta G-values that are negative and large in magnitude, 
indicating strong self-dimerization- potential, are automatically flagged by the software as "bad". Another 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, Inc., 
1228 S. Park St, Madison, Wl 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/products/PrimerSelecthtml). 

If the sequence is subject to significant self-dimerization, the addition of further sequence flanking the 
"repair" nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA, which can be either strand of the target DNA, with the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment, the oligonucleotides of the invention are complementary to the non-transcribed 
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strand of a duplex. In other words, the preferred oligonucleotides target the sense strand of the DNA, i.e. 
the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 
sequence of which is found in the mRNA 

The oligonucleotides of the invention can include more than a single base change. In an 
oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 
disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain, 
within the oligonucleotides of the invention, the higher the frequency of change in a given cell. Target 
bases only two nucleotides apart are changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 
(PEI), electroporation, biolistics, microinjection and other methods known in the art to facilitate cellular 
uptake. For plant cells, biolistic or particle bombardment methods are typically used. According to certain 
preferred embodiments of the present invention, isolated plant cells are treated in culture according to the 
methods of the invention, to mutate or repair a target gene. Alternatively, plant target DNA may be 
modified in vitro or in another cell type, including for example, yeast or bacterial cells and then introduced 
into a plant cell as, for example, a T-DNA Plant cells thus modified may be used to regenerate the whole 
organism as, for example, in a plant having a desired targeted genomic change. In other instances, 
targeted genomic alteration, including repair or mutagenesis, may take place in vivo following direct 
administration of the modified, single-stranded oligonucleotides of the invention to a subject 

The single-stranded, modified oligonucleotides of the present invention have numerous 
applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to introduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base pair. The methods of the present invention 
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offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
genetic complement of the organism. Such agents may, for example, be used to develop plants with 
improved traits by rationally changing the sequence of selected genes in isolated cells and using these 
modified cells to regenerate whole plants having the altered gene. See, e.g!, U.S. Patent 6,046,380 and 
U.S. Patent 5,905,185 incorporated herein by reference. Such plants produced using the compositions of 
the invention lack additional undesirable selectable markers or other foreign DNA sequences. Targeted 
base pair substitution or frameshift mutations introduced by an oligonucleotide in the presence of a cell- 
free extract also provides a way to modify the sequence of extrachromosomal elements, including, for 
example, plasmids, cosmids and artificial chromosomes. The oligonucleotides of the invention also 
simplify the production of plants having particular modified or inactivated genes. Altered plant model 
systems such as those produced using the methods and oligonucleotides of the invention are invaluable 
in determining the function of a gene and in evaluating drugs. The oligonucleotides and methods of the 
present invention may also be used to introduce molecular markers, including, for example, SNPs, 

RFLPs, AFLPs and CAPs. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures depending on the target For example, purified oligonucleotide can be used directly in a 
standard reaction mixture to introduce alterations into targeted DNA in vitro or where celts are the target 
as a composition adapted for bathing cells in culture or for microinjection into cells in culture. The purified 
oligonucleotide compositions may also be provided on coated microbeads for biolistic delivery into plant 
cells. Where necessary, the composition may also include a solubilizing agent. Generally, the 
ingredients-will be supplied either separately or mixed together in single-use form, for example, as a dry, 
lyophilized powder or water-free concentrate. In general, dosage required for efficient targeted gene 
alteration will range from about 0.001 to 50,000 gg/kg targettissue, preferably between 1 to 250 pg/kg, 
and most preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment, 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast, lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 100,000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
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efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. For biolistic delivery, microbeads are generally coated with resuspended 
oligonucleotides, which range of oligonucleotide to microbead concentration can be similarly adjusted to 
improve efficiency as determined using one of the assay methods described herein, starting with about 
0.05 to 1 microgram of oligonucleotide to 25 microgram of 1 .0 micrometer gold beads or similar 
microcarrier. 

Another aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention, The kit may comprise an additional reagent or article of manufacture. The additional reagent 
or article of manufacture may comprise a delivery mechanism, cell extract a cell, or a plasmid, such as 
one of those disclosed in the Figures herein, for use in an assay of the invention. Alternatively, the 
invention includes a kit comprising an isogenic set of cells in which each cell in the kit comprises a 
different altered amino acid for a target protein encoded by a targeted altered gene within the cell 
produced according to the methods of the invention. 

Brief Description Of The Drawings 

Figure 1. Flow diagram for the generation of modified single-stranded oligonucleotides. 
The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 
generation of single-stranded oligonucleotides that contain (A) 2-O-methyl RNA nucleotides or (B) 
phosphorothioate linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free 
extract are presented in parenthesis. HUH7 cells are described in Nakabayashi et al., Cancer Research 
42: 3858-3863 (1982). Each single-stranded oligonucleotide is 25 bases in length and contains a G 
residue mismatched to the complementary sequence of the kan s gene. The numbers 3, 6, 8, 10, 12 and 
1 2.5 respectively indicate how many phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) 
are at each end of the molecule. Hence oligo 1 2S/25G contains an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DNA residues, wavy lines indicate 2'-0-methyi RNA 
residues and the carat indicates the mismatched base site (G). Figure 1 (C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-stranded hairpin oligonucleotide used in other experiments. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-stranded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for correction of a point mutation in plasmid pK s m4021 . 
A mutant kanamycin gene harbored in plasmid pK s m4021 is the target for correction by oligonucleotides. 
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The mutant G is converted to a C by the action of the oligo. Corrected plasmids confer resistance to 
kanamycin in E.coli (DH1 OB) after electroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence correction of a frameshitt mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid pTA208 contains a single base deletion mutation at 
position 208 rendering it unable to confer tet resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure 4. DNA sequences of representative karf colonies. Confirmation of sequence 
alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 1 0S/25G and 1 2S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
(+) symbol indicates the codon identified while a figure after the (+) symbol indicates the number of 
colonies with a particular sequence. TAC/TAG indicates a mixed peak. Representative DNA sequences 
are presented below the table with yellow highlighting altered residues. 

Figure 5. Gene correction in HeLa cells. Representative oligonucleotides of the 
invention are co-transfected with the P CMVneo( )FIAsH plasmid (shown in Figure 9) into HeLa cells. 
Ligand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 
results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing the corrected plasmid gene appear 
green while "uncorrected" cells remain colorless. 

Figure 6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cell 
represented in Figure 5 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 

protein is contained within the cell. 

Figure 7. Hygromycin-eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 

a single base insertion mutation between nucleotides 1 36 and 1 37, at codon 46, of the Hygromycin B 
coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
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base substitution mutation introducing a G at nucleotide 1 37, at codon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function. 

Figure 8. Oligonucleotides for correction of hygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 10. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of raffinose, and repressed in the 
presence of dextrose. 

Figure 11 . pBI-HygeGFP plasmid. This plasmid is a construct based on the plasmids 
PBI101, pB1 101.2, pB1 101.3 or pB1 121 available from Clontech in which HygeGFP replaces the beta- 
glucuronidase gene of the Clontech plasmids. The different Clontech plasmids vary by a reading frame 
shift relative to the polylinker, or the presence of the Cauliflower mosaic virus promoter. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric backbones 
(see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) are used to 
correct a point mutation in the kanamycin gene of pK s m4021 (Figure 2) or the tetracycline gene of 
pT s A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding the target 
base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1 C and 
Figure 1D. Each plasmid contains a functional ampicillin gene. Kananiycin gene function is restored 
when a G at position 4021 is converted to a C (via a substitution mutation); tetracycline gene function is 
restored when a deletion at position 208 is replaced by a C (via frameshift mutation). A separate plasmid, 
pAURNeo(-)FIAsH (Figure 9), bearing the kan s gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
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(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the FIAsH 
ligand into the pAUR1 23 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in S. cerevisiae at low copy number, confers resistance to aureobasidinA and constitutively expresses 
either the Neo-^FIAsH fusion product (after alteration) or the truncated Neo-/FIAsH product (before 
alteration) from the ADH1 promoter. By extending the reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected in real time using confocal microscopy. 

Additional constructs can be made to test additional gene alteration events or for specific use in 
different expression systems. For example, alternative comparable plant plasmids or integration vectors 
such as, e.g. those based on T-DNA, can be constructed for stable expression in plant cells according to 
the disclosures herein. Such constructs would use a plant specific promoter such as, e.g., cauliflower 
mosaic virus 35S promoter, to replace the promoters directing expression of the neo, hyg or 
aureobasidinA resistance gene disclosed herein, including for example, in Figures 7B, 9 and 10 herein. 
Moreover, the green fluorescent protein (GFP) sequence used herein may be modified to increase 
expression in plant cells such as Arabidopsis and the other plants disclosed herein as described in 
Haseloff etal., Proc. NatLAcad. Sci. 94(6): 2122-7 (1997), Rouwendal etal. Plant Mol. Biol. 33(6): 989-99 
(1997) and Hu et al. FEBS Lett 369(2-3): 331-4 (1995). Codon usage for optimal expression of GFP in 
plants results from increasing the frequency of codons with a C or a G in the third position from 32 to 
about 60%. Specific constructs are disclosed and can be used as follows with such plant specific 
alterations. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, pHyg(A)eGFP, 
pHyg(ins)e'GFP, that contain a substitution mutation at nucleotide 1 37 of the hygromycin-B coding 
sequence, (rep) indicates a T137-»G replacement (A) represents a deletion of the G137 and (ins) 
represents an A insertion between nucleotides 136 and 137. All point mutations create a nonsense 
termination codon at residue 46. We use pHYGeGFP plasmid (Invitrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. First, we generate overiapping 5' and a 3' amplicons surrounding the mutation site by PCR 
for each of the point mutation sites. A 21 5 bp 5 1 amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5-AATACGACTCACTATAGG-3') to primer 
Hygrepr (5'GACCTATCCACGCCCTCC-3'), HygAr (5'-GACTATCCACGCCCTCC-3'), or Hyginsr (5'- 
GACATTATCCACGCCCTCC-3'), respectively. We generate a 300bp 3' amplicon for the (rep), (A) or 
(ins) by polymerization from oligonucleotide primers Hygrepf (5'-CTGGGATAGGTCCTGCGG-3'), HygAf 
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(5-CGTGGATAGTCCTGCGG-3'), Hyginsf (S-CGTGGATAATGTCCTGCGG-S 1 ), respectively to primer 
HygEGFPr (5*-AAATCACGCCATGTAGTG-3'). We mix 20 ng of each of the resultant 5' and 3 1 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and Rsrll restriction endonuclease sites. We use the Expand PCR 
5 system (Roche) to generate all amplicons with 25 cycles of denaturing at 94°C for 10 seconds, annealing 
at 55°C for 20 seconds and elongation at 68°C for 1 minute. We digest 10 M9 of vector pHYGeGFP and 
5 pg of the resulting fragments for each mutation with Kpnl and Rsrll (NEB) and gel purify the fragment 
for enzymatic ligation. We ligate each mutated insert into pHYGeGFP vector at 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest confirm the mutation by Sanger dideoxy 

1 0 chain termination sequencing and purify the plasmid using a Qiagen maxiprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support, each oligonucleotide is gel-purified using, for example, procedures such as those described in 

1 5 Gamper et a/., Biochem. 39, 5808-581 6 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 pg/ml per A 250 unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
10% FBS, 2mM glutamine, 0.5% pen/strep. The E.coli strain, DH10B, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (recA). 

Cell-free extracts. Although this portion of this example is directed to mammalian 

20 systems, similar extracts from plants can be prepared as disclosed elsewhere in this application and used 
as disclosed in this example. We prepare cell-free extracts from HUH7 cells or other mammalian cells, as 
follows. We employ this protocol with essentially any mammalian cell including, for example, H1299 cells 
(human epithelial carcinoma, non-small cell lung cancer), C127I (immortal murine mammary epithelial 
cells), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 (human colon 

25 cancer), HCT1 16 (human colon carcinoma), LoVo (human colon adenocarcinoma), and HeLa (human 
cervical carcinoma). We harvest approximately 2x1 0 8 cells. We then wash the cells immediately in cold 
hypotonic buffer (20 mM HEPES, pH7.5; 5 mM KCI; 1.5 mM MgCI 2 ; 1 mM DTT) with 250 mM sucrose. 
We then resuspend the cells in cold hypotonic buffer without sucrose and after 1 5 minutes we lyse the 
cells with 25 strokes of a Dounce homogenizer using a tight fitting pestle. We incubate the lysed cells for 

30 60 minutes on ice and centrifuge the sample for 1 5 minutes at 1 2000xg. The cytoplasmic fraction is 

enriched with nuclear proteins due to the extended co-incubation of the fractions following cell breakage. 
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We then immediately aliquote and freeze the supernatant at -80°C. We determine the protein 
concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free extracts obtained from fungal cells, 
including, for example, S. cerevisiae (yeast), Ustilago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30°C. We then centrifuge the cultures at 
5000xg, resuspend the pellets in a 10% sucrose, 50 mM Tris, 1mM EDTA lysis solution and freeze them 
on dry ice. After thawing, we add KCI, spermidine and lyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
X100 to final concentrations of 0.1 mM and 0.1% and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at 3000xg for 10 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at 30000xgfor 15 minutes. We then add glycerol to the clarified extract to a 
concentration of 10% (v/v) and freeze aliquots at-80°C. We determine the protein concentration of the 

extract by the Bradford assay. 

Reaction mixtures of 50 pi are used, consisting of 10-30 pg protein of cell-free extract 
which can be optionally substituted with purified proteins or enriched fractions, about 1.5 pg chimeric 
double-hairpin oligonucleotide or 0.55 pg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 pg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 1 5 mM MgCI 2 , 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with extract and incubated at 30°C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 1 5,000 r.p.m. at 4°C for 30 min., is washed with 70% ethanol, resuspended in 50 pi H 2 0, and is stored 
at -20-C. 5 pi of plasmid from the resuspension (-100 ng) was transfected in 20 pi of DH10B cells by 
electroporation (400 V, 300 pF, 4 kQ) in a Cell-Porator apparatus (Life Technologies). After electro- 
poration, cells are transferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 37°C for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 10 pg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37°C. Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 pi SOC. 200 pi is added undiluted to each of two kanamycin (50 pg/ml) 
agar plates and 200 pi of a 1 0 s dilution is added to an ampicillin (1 00 pg/ml) plate. After overnight 37°C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 1 0" 5 to correct for the amp dilution. 
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The following procedure can also be used. 5 pi of resuspended reaction mixtures (total 
volume 50 pi) are used to transform 20 pi aliquots of electro-competent DH10B bacteria using a 
Cell-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37°C for 
1 hour at which time 50 jjg/ml kanamycin or 12 pg/ml tetracycline is added for an additional 3 hours. 
Prior to plating, the bacteria are pelleted and resuspended in 200 p1 of SOC. 100 pi aliquots are plated 
onto kan ortet agar plates and 100 pi of a 10" 4 dilution of the cultures are concurrently plated on agar 
plates containing 100 pg/ml of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 
are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 310 capillary 
sequencer (PE Biosystems). 

Chimeric single-stranded oligonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1A) 2-O-methyl RNA nucleotides or (Figure 1B) phosphorothioate 
linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan s gene. 

Molecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan s system. Alternatively, 
molecules bearing 2, 4, 5, 7, 9 and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment, presented in Table 1 and Figure 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-men the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 
be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-strand molecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 
the optimum oligonucleotide for a particular alteration event 

The efficiency of gene repair directed by phosphorothioate-modified, single-stranded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
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the original chimera as it relates to correction. Construct III represents the "RNA-containing" strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But, as shown in 
the same figure, reducing the RNA residues on each end from 10 to 3 increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2*-0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 

modified DNA oligonucleotide. 

Repair of the kanamycin mutation requires a G-»C exchange. To confirm that the 
specific desired correction alteration was obtained, colonies selected at random from multiple 
experiments are processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies 
generated through the action of the single-stranded molecules 3S/25G (IX), 6S/25G (X) and 8S/25G (XI) 
respectively contained plasmid molecules harboring the targeted base correction. While a few colonies 
appeared on plates derived from reaction mixtures containing 25-mers with 10 or 1 2 thioate linkages on 
both ends, the sequences of the plasmid molecules from these colonies contain nonspecific base 
changes. In these illustrative examples, the second base of the codon is changed (see Figure 3). These 
results show that modified single-strands can direct gene repair, but that efficiency and specificity are 
reduced when the 25-mers contain 1 0 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively indicate how many 
phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) are at each end of the exemplified 
molecule although other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorothioate linkages 
on each side of the central G target mismatch base producing a fully phosphorothioate linked backbone, 
displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 
the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
indicate 2'-0-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutant kanamycin gene in cultured mammalian cells. Although this 
portion of this example is directed to cultured mammalian cells, comparable methods may be used using 
cultured plant cells or protoplasts of those cells from the plant species disclosed herein. The experiments 
are performed using different eukaryotic cells including plant and mammalian cells, including, for example, 
293 cells (transformed human primary kidney cells), HeLa cells (human cervical carcinoma), and H1299 
(human epithelial carcinoma, non-small cell lung cancer). HeLa cells are grown at 37°C and 5% C0 2 in a 
humidified incubator to a density of 2 x 1 0 s cells/ml in an 8 chamber slide (Lab-Tek). After replacing the 
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regular DMEM with Optimem, the cells are co-transfected with 10 pg of plasmid pAURNeo(-)FIAsH and 
5 gg of modified single-stranded oligonucleotide (3S/25G) that is previously complexed with 1 0 M9 
lipofectamine, according to the manufacturer's directions (Life Technologies). The cells are treated with 
the liposome-DNA-oligo mix for 6 hrs at 37°C. Treated cells are washed with PBS and fresh DMEM is 
added. After a 1 6-1 8 hr recovery period, the culture is assayed for gene repair. The same 
oligonucleotide used in the cell-free extract experiments is used to target transfected plasmid hearing the 
kan s gene. Correction of the point mutation in this gene eliminates a stop codon and restores full 
expression. This expression can be detected by adding a small non-fluorescent ligand that bound to a 
C-C-R-E-C-C sequence in the genetically modified carboxy terminus of the kan protein, to produce a 
highly fluorescent complex (FIAsH system, Aurora Biosciences Corporation). Following a 60 min 
incubation at room temperature with the ligand (FIAsH-EDT2), cells expressing full length kan product 
acquire an intense green fluorescence detectable by fluorescence microscopy using a fluorescein filter 
set Similar experiments are performed using the HygeGFP target as described in Example 2 with a 
variety of mammalian cells, including, for example, COS-1 and COS-7 cells (African green monkey), and 
CHO-K1 cells (Chinese hamster ovary). The experiments are also performed with PG12 cells (rat 
pheochromocytoma) and ES cells (human embryonic stem cells). 

Summary of experimental results. Tables 1, 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan s m4021 
(see Figure 1). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tet 
gene contained in plasmid pTetA208. Table 4 illustrates data from repair of the pkan s m4021 point 
mutation catalyzed by plant cell extracts prepared from canoia and musa (banana). Colony numbers are 
presented as kan r or tef and fold increases (single strand versus double hairpin) are presented for kan r in 
Table 1. 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal target Gene repair is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a a Z-series n of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells 0 . 

Results. In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 



WO 01/92512 



-25- 



PCT/US01/17672 



activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair. In some 
cases, the relative frequency of repair by the.novel oligonucleotides of the invention is elevated 
approximately 3-4-fold in certain embodiments when compared to frequencies directed by chimeric RNA- 
DNA double hairpin oligonucleotides. 

This strategy centers around the use of extracts from various sources to correct a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of resistance is measured by genetic readout 
in E.coli grown in the presence of the specified antibiotic. The importance of this system is that both 
phenotypic alteration and genetic inheritance can be measured. Plasmid P K*m4021 contains a mutation 
(T-»G) at residue 4021 rendering it unable to confer antibiotic resistance in E.coli. This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
plasmid contamination skewing the colony counts, the directed correction is from G-*C rather than G-»T 
(wild-type). After isolation, the plasmid is electroporated into the DH10B strain of Ecoff, which contains 
inactive RecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that controls for the influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 
Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 1 0 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to correct the kan s 
mutation, gene repair is observed (I in Figure 1 A). Chimera II (Figure 1 B) differs partly from chimera I in 
that only the DNA strand of the double hairpin is mismatched to the target sequence. When this ch.mera 
was used to correctthe kan* mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid pPA208, described in Figure 1 (C) 
and Figure 3, the capacity of the modified single-stranded molecules that showed activity in correcting a 
point mutation, can be tested for repair of a frameshift To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert a T residue at position 208, is 
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used. A modified single-stranded oligonucleotide (T et IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reaction components are present (extract plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed in the absence of either extractor 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison of phosphorothioate oligonucleotides to 2'-0-methyl substituted 
oligonucleotides. From a comparison of molecules VII and XI, it is apparent that gene repair is more 
subject to inhibition by RNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 2-O-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part, by the strand containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucleotide alterations within the same template. The 
ability of individual single-stranded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK s m4021 and the following single-stranded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Oligol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCCGTG corrects the original mutation present 
in the kanamycin resistance gene of pK s m4021 as well as directing another alteration 2 basepairs away in 
the target sequence (both indicated in boldface); Oligo2 is a 70-mer with the 5-end sequence 
TTCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. Oligo2 directs correction of the mutation in pK s m4021 as well as directing another alteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pKWttel plasmid. These include, for example, a second 25-mer that . 
alters two nucleotides that are three nucleotides apart with the sequence 5- 
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TTGTGCCCAGTCGTAICCGAATAGC-3'; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence S'-CATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCAAGCGGCCGGAGA-3'; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 5- 

GCTGACAGCCGGMCACGGCGGCATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAAT 
AGCCT-3'. The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK s m4021 by monitoring kanamycin 
. resistance (the second alterations which are directed by Oligo2 and Oligo3 are silent with . respect to the 
kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using the restriction enzyme Tsp509l which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). We then sequence these clones to 
determine whether the additional, silent alteration has also been introduced. The results of an analysis 
are presented below: 





Oligol (25-mer) 


Oligo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DNA oligonucleotide. Electrophoretic analysis of 
nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair. The modified single-stranded constructs can be tested in 
plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat spinach as well as 
spinach chloroplast extract or extracts made from other plant cells disclosed herein. We prepare the 
extracts by grinding plant tissue or cultured cells under liquid nitrogen with a mortar and pestle. We 
extract 3 ml of the ground plant tissue with 1.5 ml of extraction buffer (20 mM HEPES, pH7.5; 5 mM KCI; 
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1.5 mM MgCI 2 ; 10 mM DTT; and 10% [v/v] glycerol). Some plant cell-free extracts also include about 1% 
(w/v) PVP. We then homogenize the samples with 1 5 strokes of a Dounce homogenizes Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000 x g for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supernatants (extracts) by 
5 Bradford assay. We dispense 1 00 (protein) aliquots of the extracts which we freeze in a dry ice- 
ethanol bath and store at -80°C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
1 0 chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
a significant improvement in gene repair occurred when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Table I 



Gene repair activity is directed by single-stranded oligonucleotides. 



Oligonucleot ide Plasmid 
I pK s m4021 
I 

n 
n 
m 
m 

rv 
rv 
v 
v 

VI 
VI 

vn 
vn 
vm 
vm 

DC 
DC 
X 
X 
XI 
XI 

xn 
xn 
xm 
xm 



Extract (ug) 


Kan colonies 


roia in 


1 A 
10 






20 


A 1 O 

415 


l.Ox 


10 


537 




20 


748 


1.78x 


10 


3 




20 


5 


0.0 lx 


10 


112 




20 


96 


0.22x 


10 


217 




20 


342 


0.81x 


10 


6 




20 


39 


0.093x 


10 


0 




20 


0 


Ox 


10 


3 




20 


5 


O.Olx 


10 


936 




20 


1295 


3.09x 


10 


1140 




20 


1588 


3.7x 


10 


480 




20 


681 


1.6x 


10 


18 




20 


25 


0.059x 


10 


0 




20 


4 


0.009x 


20 


0 






0 





Plasmid pK s m4021 (lug), the indicated oligonucleotide (L5 ug chimeric oligonucleotide 
or 0.55 ^ig single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 10 or 20 ug of HUH7 cell-ftee extract were incubated 45 min at 37°C Isolated 
plasmid DNA was electroporated into E. coli (strain DH10B) and the number of kan r 
colonies counted. The data represent the number of kanamycin resistant colonies per 10 6 
ampicillin resistant colonies generated from the same reaction and is the average of three 
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experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 41 8 kan r colonies (second reaction) and in all reactions was calculated using 
the 20|ig sample. 
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Table II 



Modified single-stranded oligomers 



are not dependent on MSH2 or MSH3for optimal 
gene repair activity. 



A. Oligonucleo tide Plas 



IX (3S/25G) 

X (6S/25G) 
DC 

X 

IX 

X 

DC 

X 



ad. 



Extract 



HUH7 

HUH7 

MEF2" / " 

MEF2 J " 

MEF3* / " 

MEF3''" 

MEF** 

MEF** 

MEF2' / * 

MEF3"'" 



kan r colonies 
637 



836 

781 

676 

582 

530 

332 

497 

10 

5 

14 



Chimeric oligonucleotide (1.5 ug) or modified smgle-stranded oligonucleotide (0.55 ug) 
was incubated with lug of plasmid P K*m4021 and 20ug of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 <2*) or MSH3 (3^ deleted. 
MEF^ indicates wild-type mouse embryonic fibroblasts. The other reaction components 
were then added and processed through the bacterial readout system. The data represent the 
number of kanamycin resistant colonies per 10 6 ampicillin resistant colonies. 
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Table m 

Frameshifi mutation repair is directed by single-stranded oligonucleotides 



Oligonucleotide Plasmid Extract tef colonies 

Tet EX (3S/25A; 0.5 ^g) pT*A208 (lug) . 0 

20\xg 0 

Tet DC (0.5 M g) 48 
TetDC(1.5jig) 130 
TetK(2.0ng) 68 
Tet I (chimera; 1.5 ng) ▼ T 48 

Each reaction mixture contained the indicated amounts of plasmid and oligonucleotide. 

The extract used for these experiments came from HUH7 cells. The data represent the 

number of tetracycline resistant colonies per 10 6 ampicillin resistant colonies generated 

from the same reaction and is the average of 3 independent experiments. Tet I is a 

chimeric oligonucleotide and Tet DC is a modified single-stranded oligonucleotide that 

are designed to insert a T residue at position 208 of pT*A208. These oligonucleotides are 

equivalent to structures I and IX in Figure 2. 
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Table IV 



Plant cell-free extracts support gene repair by single-stranded oligonucleotides 



Oligonucleotide Plasmid 



II (chimera) 
DC(3S/25G) 
X(6S/25G) 

n 

DC 
X 



DC 
X 



P K s m4021 



Kvtract 


kan r colonies 


30jig Canola 


337 


Canola 


763 


Canola 


882 


Musa 


203 


Musa 


343 


Musa 


746 


Canola 


0 


Musa 


0 


- Canola 


0 


- Musa 


0 



Canola or Musa cell-free extracts were tested for gene repair activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide U (1.5 ug) and 
modified single-stranded oligonucleotides DC and X (0.55ug) were used to correct 
pK s m4021 . Total number of kan r colonies are present per 10 7 ampicillin resistant 
colonies and represent an average of four independent experiments. 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this.example, single-stranded oligonucleotides with modified backbones and double- 
hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 
plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 
pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 137, at codon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon in the hygromycin resistance gene coding region. In 
pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137, at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 137, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 
pAURHYG(A)eGFP, pAURHYG(ins)eGFP, that contain a point mutation at nucleotide 137 of the 
hygromycin-B coding sequence as follows, (rep) indicates a T1 37-»G replacement, (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression cassettes by restriction digest from 
pHyg(x)EGFP and ligation into pAUR1 23 (Panvera, CA). We digest 1 0 pg pAUR1 23 vector DNA, as well 
as, 10 ug of each pHyg(x)EGFP constructwith Kpnl and Sail (NEB). We gel purify each of the DNA 
fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ratio using T4 DNA ligase (Roche). We screenclones by restriction digest confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit. 

We use this system to assay the ability of five oligonucleotides (shown in Figure 8) to 
support correction under a variety of conditions. The oligonucleotides which direct correction of the 
mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP. Three 
of the four oligonucleotides (HygE3T/25, HygE3T/7 4 and HygGG/Rev) share the same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oiigonucleotide of the type described in the prior art One of these oligonucleotides, HygE3T/74, is a 74- 
base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
5 Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a control. Alternatively, oligonucleotides containing one, two, three, four, five, six, eight ten or more LNA 
modifications on at least one of the two termini (and preferrably the 3' terminus) may be used in different 
embodiments. 

1 0 Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 

hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1 . Plasmids used for assay were maintained stably in yeast 
{Saccharomyces cerevisiae) strain LSY678 MA Tor at low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: to prepare 

1 5 electrocompetent yeast cells, we inoculate 1 0 ml of YPD media from a single colony and grow the 
cultures overnight with shaking at 300 rpm at 30°C. We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30°C until the OD 600 was between 0.5 and 1 .0 (3-5 hours). We 
then wash the cells by centrifuging at 4°C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centrifuge at 4°C at 3000 rpm for 5 minutes and resuspend in 1 ml 

20 ice-cold 1 M sorbitol and then finally centrifuge the cells at 4°C at 5000 rpm for 5 minutes and resuspend 
the cells in 1 20 pi 1 M sorbitol. To transform electrocompetent cells with plasmids or oligonucleotides, we 
mix 40 gl of cells with 5 pg of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then transfer the mixture to a 0.2 cm electroporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1 .5 kV, 25 mF, 200 Q for one five-second pulse. We then immediately resuspend the 

25 cells in 1 ml YPD supplemented with 1M sorbitol and incubate the cultures at 30°C with shaking at 300 
rpm for 6 hours. We then spread 200 pi of this culture on selective plates containing 300 vgln\\ 
hygromycin and spread 200 pi of a 10 5 dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30°C for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 

30 of hygromycin resistance colonies per 1 0 5 aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast cells 
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containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 
activity is also specific as transformation of cells with the control oligonucleotide Kan70T produced no 
hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficiently than the 25-base oligonucleotide 
(HygE3T/25). We also perform control experiments with LSY678 yeast cells containing the plasmid 
pAURHYG(wt)GFP. With this strain we observed that even without added oligonucleotides, there are too 

many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the P AURHYG(x)eGFP plasmid. These include, for example, one that 

alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5'- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAAATAGCTGCGCCGATG 

GTTTCTAC-3 , ; a 74-mer that alters two basepairs that are 1 5 nucleotides apart with the sequence 5'- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 

GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence 5 1 - 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTGCGCCGACG 

GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 

oligonucleotides of the invention. 

Oligonucleotides targeting the sense strand direct gene correction more efficiently. We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of the target 
sequence of both pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74oc, with sequence complementary to the sense 
strand (i.e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficiently than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-transcribed strand which serves as the template for the 
• synthesis of RNA. As indicated in Table 7, this effect was observed over a range of oligonucleotide 
concentrations from 0-3.6 M g, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74oc and HygE3T/74). 
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Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficiently than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the invention are clearly able efficiently to correct both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 
that described in Figure 10. 

Optimization of oligonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74oc to correct the mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 pg. As shown in 
Table 9, we observe that the correction efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 
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Table 6 

Correction of an insertion mutation in pAURHYG(ins) GFP by HygGG/Rev, HygE3T/25 and HygE3T/74 



Oligonucleotide Tested 


Colonies on 


Colonies on 


Correction 




Hygromycin 


Aureobasidin (/10 s ) 


Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 

An oligonucleotide targeting the sense strand of the target sequence corrects more efficiently. 



Amount of Oligonucleotide (pg) 


Colonies per hygromycin plate 




HygE3T/74 


HygE3T/74oc 


0 


0 


0 


0.6 


24 


128(8.4x)* 


1.2 


69 


140(7.5x)* 


2.4 


62 


167 (3.8x)* 


3.6 


29 


367 (15x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Table 8 

Correction of a base substitution mutation is more efficient than correction of a frame shift mutation. 



Oligonucleotide Tested (5 pg) 


Plasmid tested (contained in LSY678) 




pAURHYG(ins)GFP 


pAURHYG(rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74a 


1464 


2248 


Kan70T 


0 


0 



Table 9 

Optimization of oligonucleotide concentration in electroporated yeast cells. 



Amount (|jg) 


Colonies on 
hygromycin 


Colonies on 
aureobasidin (/10 s ) 


Correction efficiency 


0 


0 


67 


0 


1.0 


5 


64 


0.08 


2.5 


47 


30 


1.57 


5.0 


199 


33 


6.08 


7.5 


383 


39 


9.79 


10.0 


191 


33 


5.79 



Example 3 
Cultured Cell Manipulation 

Although disclosure in this example is directed to use of stem cells or human blood cells 
and microinjection, the microinjection procedures may also be used with cultured plant cells or protoplasts 
using any plant species, including those disclosed herein. Mononuclear cells are isolated from human 
umbilical cord blood of normal donors using Ficoll Hypaque (Pharmacia Biotech, Uppsala/Sweden) 
density centrifugation. CD34+ cells are immunomagnetically purified from mononuclear cells using either 
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the progenitor or Multisort Kits (Miltenyi Biotec, Auburn, CA). Lin"CD38- cells are purified from the 
mononuclear cells using negative selection with StemSep system according to the manufacturer's 
protocol (Stem Cell Technologies, Vancouver, CA). Cells used for microinjection are either freshly 
isolated or cryopreserved and cultured in Stem Medium (S Medium) for 2 to 5 days prior to microinjection. 
S Medium contains Iscoves' Modified Dulbecco's Medium without phenol red (IMDM) with 1 00 pg/ml 
glutamine/penicillin/streptomycin, 50 mg/ml bovine serum albumin, 50 M g/ml bovine pancreatic insulin, 1 
mg/ml human transferrin, and IMDM; Stem Cell Technologies), 40 Mg/ml low-density lipoprotein (LDL; 
Sigma, St Louis, MO), 50 mM HEPEs buffer and 50 |JM 2-mercaptoethanol, 20 ng/ml each of 
thrombopoietin, flt-3 ligand, stem cell factor and human IL-6 (Pepro Tech Inc., Rocky Hill, NJ). After 
microinjection, cells are detached and transferred in bulk into wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4° C with 50 Mg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37° C prior to microinjection. After incubation, cloning rings are 
removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 M m to 0.3 ym outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37° C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact, alive and remain attached to the 
plate post injection. Molecules that are flourescently labeled allow determination of the amount of 
oligonucleotide delivered to the cells. 

For in vitro erythropoiesis from Lin"CD38- cells, the procedure of Malik, 1998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The injected cells are able to retain their proliferative 
capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(B A ) to sickle T (B s ) mutation in the B-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defect or to modify genomes within those cells. 

Alternatively, non-stem cell populations of cultured cells can be manipulated using any 
method known to those of skill in the art including, for example, the use of polycations, cationic lipids, 
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liposomes, polyethylenimine (PEI), electroporation, biolistics, calcium phosphate precipitation, or any 
other method known in the art 

Biolistic delivery of oligonucleotide into plant cells may be accomplished according to the 
following method. One milliliter of packed cell volume of plant cell suspensions are subcultured onto 
plates containing solid medium [with Murashige and Skoog salts from Gibco/BRL, 500 mg/liter Mes, 1 
mg/liter thiamin, 1 00 mg/ljter myo-inositol, 1 80 mg/liter KH2P04, 2.21 mg/liter 2,4-dich!orophenoxyacetic 
acid (2,4-D), and 30 g/liter sucrose (pH 5.7) and having 8 g/liter agar-agar from Sigma added before 
autoclaving]. By using a helium-driven particle gun such as that from BioRad and following manufacturers 
directions, oligonucleotides may be introduced to cells after precipitation onto 1 micrometer or 
comparable gold microcarriers (Bio-Rad). To precipitate onto microcarriers, 35 microliters of a particle 
suspension (60 mg of microcarriers per ml of 100% ethanol) is transferred to a 1.5 ml microcentrifuge 
tube, which is agitated on a vortex mixer. Then 40 microliter of resuspended oligonucleotide (60 
ng/microliter water) is added; then 75 microliter of ice-cold 2.5 M CaCI2 is added; then 75 microliter of ice- 
cold 0.1 M spermidine is added. The tube is mixed vigorously or a vortex mixer for 10 min at room 
temperature. The particles are allowed to settle for 10 min and are centrifuged at 11,750 g for 30 sec. 
The supernatant is removed and the particles are resuspended in 50 microliter of 100% ethanol. An 
aliquot of 10 microliter of the resuspended particles are applied to each macro-projectile which is used to 
bombard each plate once at 900 psi (1 psi = 6.89 kPa) with a gap distance (distance from power source 
to macroprojectile) of 1 cm and a target distance (distance from microprojectile launch site to target 
material) of 10 cm. 

An alternative method of delivery can be used as follows. Cultured cells are suspended in liquid 
N6 medium and then plated on a VWR Scientific glass fiber filter. About 0.4 microgram of oligonucleotide 
are precipitated with 1 5 microliter of 2.5 mM CaCI2 and 5 microliter of 0.1 M spermidine onto 25 
microgram of 1.0 micrometer gold particles. Microprojectile bombardment is performed by using a Bio- 
Rad PDS-1000 He particle delivery system or comparable machine following manufacturers instructions. 
Alterations in oligonucleotide concentrations can be employed to determine the optimum concentration of 
oligonucleotide according to the procedures described herein for any particular oligonucleotide of the 
invention. 

Alternatively, the oligonucleotide of the invention may be delivered to a plant cell by 
electroporation of a protoplast derived from a plant part The protoplasts may be formed by enzymatic 
treatment of a plant part, particularly a leaf, according to techniques such as those in Gallois et al., 
Methods in Molecular Biology 55: 89-107 by Humana Press. Such conditions for electroporation use 
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about 3 x 1 0 s protoplasts in a total volume of about 0.3 ml with a concentration of oligonucleotide of 
between 0.6 to 4 microgram per ml. 

EXAMPLE 4 
Plant Cells 

The oligonucleotides of the invention can also be used to repair or direct a mutagenic 
event in plants and animal cells. Although little information is available on plant mutations amongst 
natural cultivars, the oligonucleotides of the invention can be used to produce "knock out" mutations by 
modification of specific amino acid codons to produce stop codons (e.g., a CAA codon specifying Gin can 
be modified at a specific site to TAA; a AAG codon specifying Lys can be modified to UAG at a specific 
site; and a CGA codon for Arg can be modified to a UGA codon at a specific site). Such base pair 
changes will terminate the reading frame and produce a defective truncated protein, shortened at the site 
of the stop codon 

. Alternatively, frameshift additions or deletions can be directed into the genome at a specific sequence to 
interrupt the reading frame and produce a garbled downstream protein. Such stop or frameshift mutations 
can be introduced to determine the effect of knocking out the protein in either plant or animal cells. 

For introduction of a T-DNA, including the T-DNA in the plasmid of Figure 1 1 , into a plant 
cell, Agrobacterium tumefaciens is used. These techniques are routine standard techniques known in the 
art For example, one method follows. We transform A. tumefaciens is transformed by electroporation 
(using a BioRad Gene Pulse™). Competent A tumefaciens is prepared using a method similar to that of 
preparing competent E. col by suspending a freshly grown culture three times in ice-cold water and a 
final resuspension in 1 0% glycerol. Electroporation conditions are a 0.2 cm gap cuvette at a setting of 25 

IjF, 200 O and 2.5 kV. 

A tumefaciens containing a plasmid with a T-DNA is then used to introduce the T-DNA 

into a plant cell using routine standard techniques known in the art For example, we transform 
Arabidopsis by vacuum infiltration or by dipping flowers in an Agrobacterium solution containing a 
surfactant, e.g. L-77. Seeds are then collected, grown and screened for presence of the T-DNA. 
Alternatively, Agrobacterium can be used to transform callus tissue and the callus tissue can then be 
used to regenerate transformed plants. 

All publications and patent applications cited in this specification are herein incorporated 
by reference as if each individual publication or patent application were specifically and individually 
indicated to be incorporated by reference. Although the foregoing invention has been described in some 
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detail by way of illustration and example for purposes of clarity of understanding, it will be readily apparent 
to those of ordinary skill in the art in light of the teachings of this invention that certain changes and 
modifications may be made thereto without departing from the spirit or scope of the appended claims. 

5 Notes on the tables presented below: 

Each of the following tables presents, for the specified gene, a plurality of mutations that 
are known to confer a relevant phenotype and, for each mutation, the oligonucleotides that can be used to 
correct the respective mutation site-specifically in the genome according to the present invention. 

The left-most column identifies each alteration or mutation and the phenotype that the 
1 0 alteration/mutation confers. 

For most entries, the mutation/alteration is identified at both the nucleic acid and protein 
level. At the amino acid level, mutations are presented according to the following standard nomenclature. 
The centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the wild type residue and to the right of the number is the mutant codon. Terminator codons 
1 5 are shown as "TERM". At the nucleic acid level, the entire triplet of the wild type and mutated codons is 
shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing the mutation site-specifically in the genome or in cloned DMA including DNA in artificial 
chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the invention, 

20 however, may include any of the oligonucleotides sharing portions of the sequence of the 1 21 base 

sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 19, 20 up 
to about 121 nucleotides in length. Sequence may be added non-symmetrically. 

All oligonucleotides are presented, per convention, in the 5* to 3' orientation. The 
nucleotide that effects the change in the genome is underlined and presented in bold. 

25 The first of the four oligonucleotides for each mutation is a 121 nt oligonucleotide 

centered about the repair/altering nucleotide. The second oligonucleotide, its reverse complement 
targets the opposite strand of the DNA duplex for repair/alteration. The third oligonucleotide is the 
minimal 17 nt domain of the first oligonucleotide, also centered about the repair/alteration nucleotide. The 
fourth oligonucleotide is the reverse complement of the third, and thus represents the minimal 17 nt 

30 domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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Example 5 
Engineering herbicide r esistant plants 

Chemical weed control is an important tool of modern agriculture and many herbicides have 
been developed for this purpose. Their use has resulted in substantial increases in the yields of many 
5 crops, including, for example, maize, soybeans, and cotton. Thus while the use of fertilizers and new 

high-yielding crop varieties have contributed greatly to the "green revolution," chemical weed control has 
also been at the forefront of technological achievement. 

Herbicides having broad-spectrum activity are particularly useful because they obviate the 
need for multiple herbicides targeting different classes of weeds. The problem with such herbicides is that 
1 0 they typically also affect crops which are exposed to the herbicide. One way to overcome this is to generate 
plants which are resistant to one or more broad-spectrum herbicides. Such herbicide-tolerant plants may 
reduce the need for tillage to control weeds, thereby effectively reducing soil erosion and can reduce the 
quantity and number of different herbicides applied in the field. 

Common herbicides used, for example, include those that inhibit the enzyme 
15 5-enolpyruvyl-3-phosphoshikimic acid synthase (EPSPS), for example N-phosphonomethyl-glycine (e.g. 
glyphosate), those that inhibit acetolactate synthase (ALS) activity, for example the sulfonylureas and 
related herbicides, and those that inhibit dihydropteroate synthase, for example methyl[(4-amino- 
phenyl)sulfonyl]carbamate (e.g. Asulam). Herbicide-tolerant plants can be produced by several methods, 
including, for example, introducing into the genome of the plant the ability to degrade the herbicide, the 
20 capacity to produce a higher level of the targeted enzyme, and/or expressing an herbicide-tolerant allele of 
the enzyme. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes that confer herbicide resistance. 
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TablelO 

Genome-Altering Oliaos Conferring Glyphosate Resistance 



5 



Phenotype, Gene, | 
Plant & Targeted j 
Alteration | 


lilllllllllllllllllllll 




AJterirm Oliqos 


SEQID 


Glyphosate Resistance 
EPSPS 


AAGCGTCGGAGATTGTACTTCAACCCATTAGAGAAATCTCCGGTC 
TTATTAAGCTTCCTGCCTCCAAGTCTCTATCAAATCGGATCCTGC 


4341 


Arabidopsis thaliana 


TTCTCGCTGCTCTGTCTGAGGTATATATCAC 




Gly97Ala 
GGC-GCC 


GTGATATATACCTCAGACAGAGCAGCGAGAAGCAGGATCCGATT 
TGATAGAGACTTGGAGGCAGGAAGCTTAATAAGACCGGAGATTT 
CTCTAATGGGTTGAAGTACAATCTCCGACGCTT 


4342 




GCTTCCTGCCTCCAAGT 


4343 




ACTTGGAGGCAGGAAGC 


4344 


Glyphosate Resistance 
EPSPS 


AAGCTTCAGAGATTGTGCTTCAACCAATCAGAGAAATCTCGGGTC 
TCATTMGCTACCCGCATCCAAATCTCTCTCCAATCGGATCCTCC 


4345 


Brassica napus 


TTCTTGCCGCTCTATCTGAGGTACATATACT 




Gly93Ala 
GGA-GCA 


AGTATATGTACCTCAGATAGAGCGGCAAGAAGGAGGATCCGATT 
GGAGAGAGATTTGGATGCGGGTAGCTTAATGAGACCCGAGATTT 

PTPTrtATTnfTIT^AAf3PArAATPTrTf?AAf5PTT 


4346 




GCTACCCGCATCCAAAT 


4347 




A 1 1 IGGAIGCGGGIAGC 


4348 


Glyphosate Resistance 
EPSPS 1 


AGCCCAACGAGATTGTGCTGCAACCCATCAAAGATATATCAGGC 
ACTGTTAAATTGCCTGCTTCTAAATCCCTTTCCAATCGTATTCTCC 


4349 


Nicotiana tabacum 


TTCTTGCTGCCCTTTCTAAGGGAAGGACTGT 




Gly95Ala 
GGT-GCT 


ACAGTCCTTCCCTTAGAAAGGGCAGCAAGAAGGAGAATACGATT 
GGAAAGGGAI 1 1 AGAAGCAGGCAATTTAACAGTGCCTGATATATC 

TTTPATPPRTTf^PAfiPAPAATPTPfVrTfifSfiPT 


4350 




ATTGCCTGCTTCTAAAT 


4351 




ATTTAGAAGCAGGCAAT 


4352 : 


Glyphosate Resistance 
EPSPS 2 


ATTGTTTCCTTGGTACGAAATGTCCTCCTGTTCGAATTGTCAGCA 
AGGGAGGCCTTCCCGCAGGGMGGTAAAGCTCTCTGGATCAATT 


4353 


Nicotiana tabacum 


AGCAGCCAGTACTTGACTGCTCTGCTTATGGC 




Gly62Ala 
GGA-GCA 


GCCATAAGCAGAGCAGTCAAGTACTGGCTGCTAATTGATCCAGA 
GAGCTTTACCTTCCCTGCGGGMGGCCTCCCTTGCTGACAATTC 
GAACAGGAGGACATTTCGTACCAAGGAAACAAT 


4354 




CCTTCCCGCAGGGAAGG 


4355 




CCTTCCCTGCGGGAAGG 


4356 


Glyphosate Resistance 
EPSPS 


ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGTGTCAATGGAA 
TCGGAGGGCTACCTGCTGGCAAGGTCAAGCTGTCTGGCTCCATC 


4357 


Zea mays 


AGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 




Gly168Ala 
GGT-GCT 


GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAGCCAGA 
CAGCTTGACCTTGCCAGCAGGTAGCCCTCCGATTCCATTGACAC 
GAACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4358 



WO 01/92512 



PCT/US01/17672 



■47- 



Phenotypo, Gene, 
Plants Targeted 
Alteration 



Altering Oligos 



NO; 



GCTACCTGCTGGCAAGG 



CCTTGCCAGCAGGTAGC 



Glyphosate Resistance 
EPSPS 
Oryza sativa 
|Gly115Ala 
GGT-GCT 



[ Glyphosate Resistance 
EPSPS 

Petunia x hybrida 

Gly93Ala 

GGC-GCC 



ACTGTTTCCTTGGCAC I GAA I GC CCACC I U 1 1 UGTG1 UAAUUGA 
ATTGGAGGACTTCCTGCTGGCAAGGTTAAGCTCTCTGGTTCCAT 

HAftrAnTCAGTACTTGAGTGCCTTGCTGATGGC 



GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAACCAGA 
GAGCTTAACCTTGCCAGCAGGAAGTCCTCCMTTCCCTTGACAC 
ftAACAfiGTGGGCATTCAGTGCCMGGAAACAGT 



4359 



4360 
"436T 



4362 



ACTTCCTGCTGGCAAGG 



CCTTGCC AGCAGGAAGT _ _ — 

AGCCTTCTGAGA TAGTG'1 I GCAAUCCATTAAAUAUA I 1 
CTGTTAAATTGCCTGCCTCTAAATCATTATCTAATAGAATTCTCCT 

TnTTfinTGCCTTATCTGAAGGAACAACTGT 



4363 



TCTATTA 



ACAGTTGTTCCTTCAGATAAGGCAGCAAGAAGGAGAAT 
GATAATGATTTAGAGGCAGGCAATTTAACAGTGCCTGAAATCTCT 

TTAATfifiGTTGCAACACTATCTCAGAAGGCT 



Glyphosate Resistance 

EPSPS 

Lycopersicon 

esculentum 

Gly97Ala 

GGT-GCT 



ATTGCCTGCCTCTAAAT 



AT TTAGAGGCAGGCAAT _ = _ = _„ _ _ 

AACCCCATGAGATTGTGGiAGNACCCATCAAAUAiAiAiv,i^,n 



4364 
"4365" 



4366 



4367 
4368 



CTGTTAAATTACCCGCTTCGAAATCCCTTTCCAATCGTATTCTCCT 
TnTTGCTGCCCTTTCTGAGGGAAGGACTGT 



ACAGTCCTTCCCTCAGAAAGGGCAGCAAGAAGGAGAATACGATT 
GGAAAGGGATTTCGAAGCGGGTAATTTAACAGTACCAGATATATC 
TTTGATGGGTNCTAGCACAATCTCATGGGGTT 



ATTACCCGCTTCGAAAT 



4370 



4371 



Glyphosate Resistance 
' EPSPS 
Lolium rigidum 
Gly107Ala 
GGT-GCT 



ATTTCGAAGCGGGTAAT 

ATTGTTTCCTTGGCACTGAC I GCCCACCTG1 1 CGKATCMCUUUA 
TTGGAGGGCTACCTGCTGGCAAGGTTAAGCTGTCTGGTTCCATC 

AnnAnCCAATACTTGAGTTCCTTGCTGATGGC 



4372 



GCCATCAGCAAGGAACTCAAGTATTGGCTGCTGATGGAACCAGA 
CAGCTTAACCTTGCCAGCAGGTAGCCCTCCAATGCCGTTGATCG 
AACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 



4374 



GCTACCTGCTGGCAAGG 



CCTTGCCAGCAGGTAGC 



4375 
"4376" 



WO 01/92512 



-48- 
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Table 11 

Genome-Altering Oligos Conferring Imidazolinone and Sulfonylurea Herbicide Resistance 







ilillillill 


' Phenotype, Gem, 
. Plant & Targeted 
Alteration 


illlllllilllllll 


SEQID 


Altering Oligos 


NO: 


OUIIUIiyiUI cd 

Resistance 
ALS 


A CX P PP ATT A P P P P ATP P riTT^TT A P AT A PTPTTP PTPTTPT A PP A 
MoLrOoM I 1 MoOOoA 1 oOo Moll nbn 1 Mo loll loi I o I MboM 

ATCACAGGACAAGTCTCTCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


AT77 
40/ # 


r\l aUIUUfJoto UlaUalla 

Pro197Ser 
CCT-TCT 


A A PPPPTT A PPTP A A P A ATPPP A PTPTPTTP AAA PPP ATPTPT A P 
AAOoL/O 1 1 AOO 1 UAAUAA 1 OooAo 1 U 1 U 1 1 oAAAOoLrA 1 U 1 o 1 AO 

CAATCATACGACGAGAGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 


4u/o 




P A P A A PTPTPTPPTPPT 
oAOAAo 1 UJO 1 Uo 1 LfO 1 






ACGACGAGAGACTTGTC 


4380 


ouiTonyiurea 

Resistance 

ALS 


AbObbA 1 1 Abl/bbA 1 bob 1 lb 1 1 AbA 1 Ab 1 b 1 1 L.L. 1 U 1 1 b 1 AbLA 

ATCACAGGACAAGTCCAGCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


4ool 


rv aUIUUfJSIo Ulallalla 

Pro197Gln 
CCT-CAG 


A APPPPTTAPPTPA APA ATPPPAPTPTPTTP A A APPP ATPTPTAP 
AAOoUo 1 1 AUU 1 LrAAL/AA 1 UboAb 1 0 1 0 1 1 oAAAUoOA 1 L» 1 o 1 AU 

CAATCATACGACGCTGGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 


4oo£ 




ACAAGTCCAGCGTCGTC 


4383 




TACGACGCTGGACTTGT 


4384 


ouiionyiurea 

Resistance 

ALS 


A fiPPP ATTA^PPr ATPPPTTPTT a p AT a PTPTTPPTPTTPT a PP A 
AoOooA 1 1 AbUubA 1 oOo Moll AbA 1 Ao 1 o M 1 U I I o 1 AbUA 

ATCACAGGACAAGTCCAACGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 


4oo0 


/^aU/uU/Jo/o Ulallalla 

Pro197Gln 
CCT-CAA 


A APPPPTTAPPTPA APA ATPPPAPTPTPTTP A A APPP ATPTPTAP 
AAUoLrO 1 1 AUU 1 OAAUAA 1 UooAo 1 0 1 1/ 1 1 oAAAUoUA 1 0 1 o 1 AU 

CAATCATACGACGTTGGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 


4oo0 




AOAAb 1 bUAAbbTLbl A 


4oo7 




TACGACGUGGACTTGT 


4388 


Imidazolinone 

Resistance 

ALS 


GACCTTACCTGTTGGATGTGATTTGTCCGCACCAAGAACATGTGT 

TGCCGATGATCCCGAACGGTGGCACTTTCAACGATGTCATAACGG 

AAGGAGATGGCCGGATTAAATACTGAGAGAT 


4389 


Arabidopsis thaliana 

Ser653Asn 

AGT-AAC 


ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 
TGAAAGTGCCACCGTTCGGGATCATCGGCAACACATGTTCTTGGT 
GCGGACAAATCACATCCAACAGGTAAGGTC 


4390 




GATCCCGAACGGTGGCA 


4391 




TGCCACCGTTCGGGATC 


4392 



WO 01/92512 



-49- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 




wmrni 

NO: 



Imidazolinone 

Resistance 

ALS 

i Arabidopsis thaliana 
Ser653Asn 
AGT-AAT 



GACCTTACC I GTTGGATGTGA I rTGTCCCiCAUUAAGAACATGI (i I 
TGCCGATGATCCCGAATGGTGGCACTTTCAACGATGTCATAACGG 

AAftCiAGATGGCCGGATTAAATACTGAGAGAT 



ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 
TGAAAGTGCCACCATTCGGGATCATCGGCMCACATGTTCTTGGT 
fiCfifiACAAATCACATCCAACAGGTAAGGTC 



GATCCCGAATGGTGGCA 



TGCCACCAJTCGGGATC 



4393 



4394 



4395 



4396 



Sulfonylurea 

Resistance 

ALS 

Oryza sativa 
Pro171Ser 
I CCC-TCC 



Sulfonylurea 
Resistance 
i ALS 

Oryza sativa 

Pro171Gln 

CCC-CAA 



Sulfonylurea 
Resistance 
I ALS 

Oryza sativa 

Pro17lGln 

CCC-CAG 



Imidazolinone 

Resistance 

ALS 

Oryza sativa 
i lle627Asn 
I ATT-AAT 



TCCGCGCTCGCCGACGCGC I GCTCGACTCCG I CCCGATGGTCG 
CCATCACGGGCCAGGTCICCCGCCGCATGATCGGCACCGACGC 
niTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 



AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 
CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 
nfiAnfiGAGTCGAGCAGCGCGTCGGCGAGCGCGGA . 



GCCAGGTCICCCGCCGC 



GCGGCGGGAGACCTGGC 

CCGCGCTCGCCGACGCGC I GC I CGACTCCG I CCCGATGGTCC3U 
CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 



4397 



4398. 



4399 



GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGUGGACCTGGCCCGTGATGGCGACCATCG 
nnAP.fiGAGTCGAGCAGCGCGTCGGCGAGCGCGG 



CCAGGTCCAACGCCGCA 



TGCGGCGTTGGACCTGG 

CCGCGCTCGCCGACGCGC I GCTCGACTCCG I CCCGATGG I CUU 
CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 

TTnCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 



4402 



4403 



4404 



GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 
fifiGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG . 



CCAGGTCCAGCGCCGCA 



TGCGGCGCTGGACCTGG 

GTTGGATATCA 1 CGTCCCGCACCAGGAGCA I U I UU 



4406 



G G C CAT ACT 

TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 



4407 
"4408" 
TOT 



ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
RCGGGACGATGATATCCAACAAGTATGGCC 



4410 



GATCCCAAATGGGGGCG 



4411 



WO 01/92512 



-50- 



PCT/US01/17672 





Phenotype, Gene, 
Plant & Targeted 

Alteration 

r%l US* CI LI VI ? v • 


- 






Altering OSigos 


SEQID 
HO* 






CGCCCCCATTTGGGATC 


4412 




Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGATTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4413 


5 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGG 

GGACGGAATCGAGCAGCGCGTCGGCGAGCGCGGA 


4414 






GACAGGTGICGCGACGC 


4415 




• 


GCGTCGCGACACCTGTC 


4416 




Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGATTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
CCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4417 


10 


Zea mays 

Pro165Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGG 
TGCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATG 
GGGACGGAATCGAGCAGCGCGTCGGCGAGCGCGG 


4418 






ACAGGTGCAGCGACGCA 


4419 






TGCGTCGCIGCACCTGT 


4420 


15 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4421 




Zea mays 

Ser621Asn 

AGT-AAT 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCA1TAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4422 






GATCCCTAATGGTGGGG 


4423 






CCCCACCATTAGGGATC 


4424 


20 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAACGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4425 




Zea mays 

Ser621Asn 

AGT-AAC 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCGTTAGGGATCATAGGCMCACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4426 






GATCCCTAACGGTGGGG 


4427 






CCCCACCGTTAGGGATC 


4428 


25 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGC 

CATCACGGGGCAGGTCTCGCGCCGCATGATCGGCACGGACGCC 

TTCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4429 


30 


Lolium muMorum 

Pro167Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCGT 
GCCGATCATGCGGCGCGAGACCTGCCCCGTGATGGCCACCATG 
GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGGA 


4430 



WO 01/92512 



PCT/US01/17672 



51- 



10 



15 



20 



j Phenotype, Gene, 
Plant & Targeted 
Alteration 1 


- 

Altering Oligos 


iliiil 

lilll 


[ " ~ ~ ' " " ( 


3GCAGGTCTCGCGCCGC 


4431 1 


( 


3CGGCGCGAGACCTGCC |_ 


4432 


Sulfonylurea ' 
Resistance 

Al Q 


XGCGCTCGCCGACGCCC 1 CC 1 CGACTCCA 1 CCCCATGG I GGUO 
Ax^A^onrrrArtnTrrAGrGCCGCATGATCGGCACGGACGCCT 

Tr.nAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4433 


nLO _ 

Lolium muMorum 

Pro167Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCG 1 UAa 

TGCCGATCATGCGGCGCTGGACCTGCCCCGTGATGGCCACCATG 

GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGG 


4434 




GCAGGTCCAGCGCCGCA 


4435 




TGCGGCGCIGGACCTGC 


4436 
4437 


Imidazolinone 
i Kesisianoc 
ALS 

Lolium multiflorum 
1 SerozoAsn 
AGC-AAC 


CTGGGCCATACTTGTTGGA 1 A 1 CATCGTCCC TCACCAGGAGCATG 
TGCTGCCTATGATCCCTAACGGTGGTGCTTTCAAGGACATTATCA 

TGGAAGGTGATGGCAGGATTTCGTATTAAAC 




GTTTAATACGAAATCCTGCCATCACCTTCCATGATAATGTCC 1 1 UA 
AAnrACCACCGTTAGGGATCATAGGCAGCACATGCTCCTGGTGA 

GGGACGATGATATCCAACAAGTATGGCCCAG 


4438 




GATCCCTAACGGTGGTG 


4439 




CACCACCGTTAGGGATC 


4440 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGC I C 1 CCTCGACTCCA 1 CCCCATGG 1 OGU 
CATCACGGGCCAGGTCTCACGCCGCATGATCGGOAUlabAUijUvji 

TnP.AGGAGACGCCCATAGTGGAGGTCACGCGCT 


4441 


Hordeum vulgare 

Pro68Ser 

CCA-TCA 


AGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCG 1 UUG I b 

CCGATCATGCGGCGTGAGACCTGGCCCGTGATGGCGACCATGG 

GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGGA 


4442 


GCCAGGTCICACGCCGC 


4443 




GCGGCGTGAGACCTGGC 


4444 


Sulfonylurea 

Resistance 

ALS 

Hordeum vulgare 

Pro68Gln 

CCA-CAA 


■ CCGCGCTCGCCGACGCTC 1 CCFCGACTCCAI CCCCATGGTCGUU 
ATrArrjfinrrAGGTCCAACGCCGCATGATCGGCACGGACGCGTT 

HCAGGAGACGCCCATAGTGGAGGTCACGCGCTC 


4445 


GAGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGUG 1 UUU 1 

GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATGG 

GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGG 


4446 

1 


CCAGGTCCAACGCCGCA 


4447 




TGCGGCGTTGGACCTGG 


4448 : 



WO 01/92512 



PCT/US01/17672 



-52- 



Phenotype, Gene, ' 






Plant & Targeted 
Alteration 




SEQID 
NO: 


Altering Oligos 


Imidazolinone 

Resistance 

ALS 


CCCAGGGCCGTACCTGCTGGATATCATTGTCCCGCATCAGGAGC 

Abb I bb I bbb I A I bA I bbbAAAbbb | bo I bU I I I bAAbbAbA I bA 

TCATGGAGGGTGATGGCAGGACCTCGTACTGA 


4449 


Hordeum vulgare 

ber524Asn 

AGC-AAC 


TCAGTACGAGGTCCTGCCATCACCCTCdATGATCATGTCCTTGAA 
AGCACCACCGTTTGGGATCATAGGCAGCACGTGCTCCTGATGCG 
GGACAATGATATCCAGCAGGTACGGCCCTGGG 


4450 




GATCCCAAACGGTGGTG 


4451 




CACCACCGTTTGGGATC 


4452 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4453 


Gossypium hirsutum 

Pro186Ser 

CCT-TCT 


ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4454 




GTCAAGTCTCTCGTCGG 


4455 




CCGACGAGAGACTTGAC 


4456 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4457 


Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4458 




TCAAGTCCAACGTCGGA 


4459 




TCCGACGTTGGACTTGA 


4460 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4461 


Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4462 




TCAAGTCCAGCGTCGGA 


4463 




TCCGACGCTGGACTTGA 


4464 


Imidazolinone 

Resistance 

ALS 


GACCTTACTTGTTGGATGTGATTGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGCGCTTTCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATATTGACCTCA 


4465 


Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCGCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4466 




GATCCCCAATGGAGGCG 


4467 



WO 01/92512 



-53- 



PCT/US01/17672 



Phenotype. Gene, 
Plants Targeted 
Alteration 



Sulfonylurea 

Resistance 

ALS 

[ Amaranthus 
retroflexus 
Pro192Ser 
CCC-TCC 



Sulfonylurea 

Resistance 

ALS 

I Amaranthus 
retroflexus 
Pro192Gln 
CCC-CAA 



Sulfonylurea 

Resistance 

ALS 

Amaranthus 
retroflexus 
Pro192Gln 
CCC-CAG 



Imidazoline 

Resistance 

ALS 

I Amaranthus 
retroflexus 
Ser652Asn 
AGC-AAC 



Altering Oligos 

■^ = r= 



liillf 

NO: 



CGCCTCCATTGGGGATC 

TCTGGTCTTGC I GATGCAC I ICI I GACTCAG I CCU I u . 
ATTACTGGGCMGTTICCCGGCGTATGATTGGTACTGATGCTTTTC 

AAflAfiACTCCAATTGTTGAGGTAACTCGAT 



ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 
AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 
PTfiAfiTOAAGAAGTGCATCAGCAAGACCAGA _ 



GGCAAGTTICCCGGCGT 



ACGCCGGGAAACTTGCC 



4468 
TOT 



4470 



4471 



4472 



CTGGTCTTGC I GATGCAC I ICI I GACTCAGTCCC I C 1 1 G I CUXA 
TTACTGGGCMGTTCAACGGCGTATGATTGGTACTGATGCTTTTC 

AAfiAf^ACTCCAATTGTTGAGGTAACTCGATC 



GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGUGAACTTGCCCAGTAATGGCGACAAGAGGGA 

HTfiAfiTCAAGAAGTGCATCAGCAAGACCAG 



GCAAGTTCAACGGCGTA 



TACGCCGTTGAACTTGC 



4473 



4474 



4475 



4476 



CTGGTCTTGC I GATGCAC I ICI I GACTCAU I UUU I u n ^ . ouooA 
TTACTGGGCMGTTCAGCGGCGTATGATTGGTACTGATGCTTTTC 

A AH Afi ACTCCAATTGTTG AGGTAACTCGATC 



GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTfiAGTCAAGAAGTGCATCAGCAAGACCAG 



GCAAGTTCAGCGGCGTA 



TACGCCGCTGAACTTGC 



4477 



4478 



4479 
~4480~ 



GACCGTATCTGCI GGAIGIAAI CbTACCACA I CAGUAGCA I U I UU 
TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 

AfinnTGATGGAAGAAGGGCTTATTAGTTGGT 



ACCMCTMTMGCCCTTCTTCCATCACCCTCTGTTATGGTjGTCCT 
TGAAGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 

TnTGGTACGATTACATCCAGCAGATACGGTC 



GATCCCTAACGGTGCCG 



4482 



4483 



CGGCACCGTTAGGGATC 



4484 



WO 01/92512 



-54- 



PCT/US01/17672 



; Phenotype, Gene, 
Plant & Targeted ] 






: Altering Oligos 


SEQ1D 

- MO* 


Sulfonylurea 

Resistance 

ALS1 


AGCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCATTGTTGC 
TATAACAGGTCAAGTGTCACGTAGGATGATAGGTACTGATGCI 1 1 1 
CAGGAAACTCCTATTGTTGAGGTAACTAGAT 


4485 


Nicotians tabacum 

Pro194Ser 

CCA-TCA 


ATCTAGTTACCTCMCAATAGGAGTTTCCTGAAAAGCATCAGTACC 

TATCATCCTACGTGACACTTGACCTGTTATAGCAACAATGGGGAC 

GCTATCCAGTAGCGCGTCAGCGAGGCCGCT 


4486 




GTCAAGTGICACGTAGG 


4487 




CCTACGTGACACTTGAC 


4488 


Sulfonylurea 

Resistance 

ALS1 


GCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCATTGTTGCT 
ATAACAGGTCAAGTGCAACGTAGGATGATAGGTACTGATGCTTTT 
CAGGAAACTCCTATTGTTGAGGTAACTAGATC 


4489 


Nicotiana tabacum 

Pro194Gln 

CCA-CAA 


GATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTAC 

CTATCATCCTACGTTGCACTTGACCTGTTATAGCAACAATGGGGA 

CGCTATCCAGTAGCGCGTCAGCGAGGCCGC 


4490 




TCAAGTGCAACGTAGGA 


4491 




TCCTACGTTGCACTTGA 


4492 


Imidazolinone 

Resistance 

ALS1 


GGCCATACTTGTTGGATGTGATTGTACCTCATCAGGAACATGTTTT 
ACCTATGATTCCCAATGGCGGAGC 1 1 1 CAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGAGTTTG 


4493 


Nicotiana tabacum 

Ser650Asn 

AGT-AAT 


CAAACTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 

TGAAAGCTCCGCCA1TGGGAATCATAGGTAAAACATGTTCCTGAT 

GAGGTACAATCACATCCAACAAGTATGGCC 


4494 




GATTCCCAATGGCGGAG 


4495 




CTCCGCCATTGGGAATC 


4496 


Sulfonylurea 

Resistance 

ALS2 


AGTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGC 
TATAACCGGTCAAGTGTCACGTAGGATGATCGGTACTGATGCI 1 1 1 
CAGGAAACTCCGATTGTTGAGGTAACTAGAT 


4497 


Nicotiana tabacum 

Pro191Ser 

CCA-TCA 


ATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTACC 
GATCATCCTACGTGACACTTGACCGGTTATAGCAACAATGGGGAC 
GCTATCCAGTAGGGCGTCCGCGAGGCCACT 


4498 




GTCAAGTGICACGTAGG 


4499 




CCTACGTGACACTTGAC 


4500 


Sulfonylurea 

Resistance 

ALS2 


GTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGCT 
ATAACCGGTCAAGTGCAACGTAGGATGATCGGTACTGATGCI 1 1 1 
CAGGAAACTCCGATTGTTGAGGTAACTAGATC 


4501 


Nicotiana tabacum 

Pro191Gln 

CCA-CAA 


GATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTAC 
CGATCATCCTACGTTGCACTTGACCGGTTATAGCAACAATGGGGA 
CGCTATCCAGTAGGGCGTCCGCGAGGCCAC 


4502 




TCAAGTGCAACGTAGGA 


4503 



WO 01/92512 



-55- 



PCTAJS01/17672 



Phenotype, Gene, 
Plant s Targeted 
Alteration 




liilii 

NO: 


Altering Gligos 

~ — — J .~ 




CCTACGTTGCACTTGA 


4504 


Imidazolinone t. 
Resistance / 
ALS 2 < 


SGCCATACTrG 1 1 GGATGTGATTGTACCTfJA I UAGGAACATG 1 1 <J I 

— .~ ITTnri n a A T/->/->r>r>oor^r > TTTr N A A Af5 ATf^Tf^ ATHACAGA 
^CCTATGATTCCCAATGGCGGGGU 1 1 1 uaaaoa i o i w i \jn\^r\^>r\ 

nGGTGACGGGAGAAGTTCCTATTGAC 1 1 1 G 


4505 


Nicotiana tabacum ( 
Ser647Asn 1 
AGT-AAT ( 


:aaagtcaataggaacttctcccgtcaccctctgtgatcacai Gl 1 

rGAAAGCCCCGCCATrGGGAATCATAGGTAGAACATGTTCU 1 GAl 
3AGGTACAATCACATCCAACAAGTATGGCC 


4506 




3ATTCCCAATGGCGGGG 


4507 


i 


XCCGCCATTGGGAATC 


4508 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTTGCTGATGCn 1 A 1 TAGACAG 1 G 1 1 CCAATGG 1 1 bO 1 A 
TTAPTr'rTrAAftTTTrrAGGAGAATGATTGGAACAGATGCGTTTCA 

AGAAACCCCTATTGTTGAGGTAACACGTT 


4509 


Xanthium spp. 

Pro175Ser 

CCC-TCC 


AACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATC 1 blTCC 
AATCATTCTCCTGGAAACTTGACCAGTAATAGCAACCATTGGAAUA 

CTGTCTAATAAAGCATCAGCAAGACCACT 


4510 




GTCAAGTTICCAGGAGA 


4511 




TCTCCTGGAAACTTGAC 


4512 
4513 


Sulfonylurea 

Resistance 

ALS 

Xanthium spp. 

Pro175Gln 

CCC-CAA 


GTGGTCTTGCTGATGCi 1 1 A ITAGACAG 1 G ITCCAA 1 GG 1 1 bu 1 A i 

-r- a ^v-r-/-^^-r^ a Ark-rr^A A APPAPA ATf^ ATTftftA AP.AfiATGCG 1 I 1 CA 

TACTGGTCAAGTI CAAAboAoAA 1 bA i i uv^ttAumorv i uuu i i i v//^ 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 

. . ii — i a a y^-i- a A "I* A /"^/"^ A A f^f^ A I r^*^f*iA A O 

CAATCATTCTCCTTTGAACTTGACCAGTAATAGCAACCATTGGAAU 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4514 


TCMGTTCAAAGGAGAA 


4515 




TTCTCCTTTGAACTTGA 


4516 


Sulfonylurea 

Resistance 

ALS 

Xanthium spp. 

Pro175Gln 

CCC-CAG 


GTGGTCTTGCTGATGCTTT A 1 FAGACAG 1 G 1 1 CCAATGG 1 1 bb I A 1 
TACTGGTCAAGTTCAGAGGAGAAIGAI 1 UoAaoaoa i uou i ivm 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


4517 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCA 1 U I b 1 1 b 
CAATCATTCTCCTCTGAACTTGACCAGTAATAGCAACCATTGGAAO 

ACTGTCTAATAAAGCATCAGCAAGACCAC 


4518 


TCAAGTTCAGAGGAGAA 


4519 




TTCTCCTCIGAACTTGA 


A^0(\ i 


Imidazolinone 

Resistance 

ALS 


' GGGCCTTACTTGTTGGAI GIGAI CGI bbbbbA rCAAGAACA I b I b 
TTGCCCATGATCCCGAATGGTGGAGGTTTCATGGATGTGATCACC 

GAAGGCGACGGCAGAATGAAATATTGAGCTT 


4521 


Xanthium spp. 

Ala631Asn 

GCT-AAT 


MGCTCMTATTTCATTCTGCCGTCGCCTTCGGTGATCAUAiuuAi 
GAAACCTCCACCATTCGGGATCATGGGCAACACATGTTCTTGATG 

GGGCACGATCACATCCAACAAGTAAGGCCC 


• 4522 



WO 01/92512 



-56- 



PCT/US01/17672 



Phenofype, Gene, 


: 


SEQID 

NO; 


Plant & Targeted 


. ;.. Altering Oligos 






TGATCCCGAATGGTGGA 


4523 




TCCACCAJTCGGGATCA 


4524 


Sulfonylurea 

Resistance 

ALS 


TCCGGGTTTGCTGATGCTTTGCTCGATTCCGTTCCACTGGTGGCG 
ATCACGGGGCAGGTGTCGCGGCGAATGATTGGGACGGATGCTTT 
TCAGGAGACTCCTATTGTTGAGGTAACACGGT 


4525 


Bassia scoparia 

Pro189Ser 

CCG-TCG 


ACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTCC 
CAATCATTCGCCGCGACACCTGCCCCGTGATCGCCACCAGTGGA 
ACGGAATCGAGCAAAGCATCAGCAAACCCGGA 


4526 




GGCAGGTGTCGCGGCGA 


4527 




TCGCCGCGACACCTGCC 


4528 


Sulfonylurea 

Resistance 

ALS 


CCGGGTTTGCTGATGCTTTGCTCGATTCCGTTCCACTGGTGGCGA 
TCACGGGGCAGGTGCAGCGGCGAATGATTGGGACGGATGCI 1 1 1 
CAGGAGACTCCTATTGTTGAGGTAACACGGTC 


4529 


Bassia scoparia 

Pro189Gln 

CCG-CAG 


GACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTC 
CCAATCATTCGCCGCTGCACCTGCCCCGTGATCGCCACCAGTGG 
AACGGAATCGAGCAAAGCATCAGCAAACCCGG 


4530 




GCAGGTGCAGCGGCGAA 


4531 




TTCGCCGCIGCACCTGC 


4532 


Imidazolinone 

Resistance 

ALS 


GACCTTACCTGCTTGATGTGATTGTACCTCATCAGGAGCATGTGC 

TGCCTATGATTCCTAATGGTGCAGCCTTCAAGGATATCATTAACGA 

AGGTGATGGAAGAACAAGTTATTGATGTTC 


4533 


Bassia scoparia 

Ser649Asn 

AGT-AAT 


GAACATCAATAACTTGTTCTTCCATCACCTTCGTTAATGATATCCTT 
GAAGGCTGCACCATTAGGAATCATAGGCAGCACATGCTCCTGATG 
AGGTACAATCACATCAAGCAGGTAAGGTC 


4534 




GATTCCTAATGGTGCAG 


4535 




CTGCACCATTAGGAATC 


4536 


Sulfonylurea 
Resistance 
ALS 1 


AGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGC 

CATTACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCCTT 

CCAAGAGACACCAATCGTTGAGGTAACGAGGT 


4537 


Brassica napus 

Pro182Ser 

CCT-TCT 


ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTMTGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4538 




GACAGGTCTCTCGCCGG 


4539 




CCGGCGAGAGACCTGTC 


4540 



WO 01/92512 



-57^ 



PCT/US01/17672 



10 



15 



20 



25 



30 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Sulfonylurea 
Resistance 
, ALS 1 

Brassica napus 

Pro182Gln 

CCT-CAA 



Sulfonylurea 
Resistance 
ALS 1 

Brassica napus 

Pro182Gln 

CCT-CAG 



Imidazolinone 
Resistance 
,ALS1 

Brassica napus 

Ser638Asn 

AGT-AAT 



Sulfonylurea 
Resistance 
,ALS2 

Brassica napus 

Pro126Ser 

CCC-TCC 



Sulfonylurea 
Resistance 
i ALS 2 

Brassica napus 
Pro126Gln 
i CCC-CAG 



Altering Oligos 



GCGGGTTAGCAbACGCGA I GC 1 1 bALAb I b I h LU I U 1 1 U M £LU 
ATTACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCCTT 

p.r.AAftAfiACACCMTCGTTGAGGTAACGAGGTC 



GACCTCGmCCTCMCGATTGGTGTCTCnGGMGGCGTCAGTA 
CCGATCATCCGGCGTTGGACCTGTCCTGTAATGGCGACAAGAGG 
AAP.APTnTP.AAGCATCGCGTCTGCTAACCCGC 



ACAGGTCCAACGCCGGA 



TCCGGCGTTGGACCTGT 

GCGGGTTAGUAGACGCGA I GUI I GACAb I b 1 1 i u . i u rCGCC 
ATTV^AGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCCTT 

nr.AAnARACACCAATCGTTGAGGTAACGAGGTC 



ililll 

NO; 
454T 



4542 



4543 
4544 



GACCTCGTTACCTCMCGATTGG I GTCTCTTGGAAGGCGTCAGTA 
CCGATCATCCGGCGCTGGACCTGTCCTGTAATGGCGACAAGAGG 

aap.aptctCAAGCATCGCGTCTGCTAACCCGC . 



ACAGGTCCAGCGCCGGA 



TCCGGCGCIGGACCTGT 



4545 



4546 



4547 



AttftttfiATflGTCGCACTAAGTACTGAGAGAT 



ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 

^p^APATATnAP.ATCCAACAGGTATGGTC 



GATCCCAAATGGTGGCA 



4550 



4551 




CCATTACAGGACAGGTICCTCGCCGGATGATCGGTACTGACGCC 
TTP.P.AAfiAGACACCAATCGTTGAGGTAACGAGG 



CCTCGTTACCTCMCGATTGGTGTCTCTTGGMGGCGTCAGTACC 
GATCATCCGGCGAGGAACCTGTCCTGTAATGGCGACAAGAGGAA 
PAPTPVTPAAfinATCGCGTCTGCTAACCCGCTG 



GGACAGGTTCCTCGCCG 



CGGCGAGGAACCTGTCC 



4554 



4555 
4556 



AGCGGGTTAGCAGACGCGA I bU ITGACAb I b I I uu rCTTb I UbU 
CATTACAGGACAGGTCACTCGCCGGATGATCGGTACTGACGCCT 

TPPAAnAflACACCAATCGTTGAGGTAACGAGGT 



ACCTCGTTACCTCMCGATTGGTGTCTCTTGGMGGCGlCAGTAC 
CGATCATCCGGCGAGIGACCTGTCCTGTAATGGCGACAAGAGGA 
apaptCTCAAGCATCGCGTCTGCTAACCCGCT 



GACAGGTCACTCGCCGG 



4557 



4558 



4559 



WO 01/92512 



-58- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 

./..MltCI.-a.LlWlJ.v.-.: 


• 


SEQID 
NO: 


* - . Altering Oligos * 




CCGGCGAGIGACCTGTC 


4560 


Imidazolinone 

Resistance 

ALS2 


GACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


4561 | 


Brassica napus 

Ser582Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACATATCACATCCAACAGGTATGGTC 


4562 




GATCCCAAATGGTGGCA 


4563 




TGCCACCAJTTGGGATC 


4564 


Sulfonylurea 

Resistance 

ALS3 


AGCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGC 
CATCACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCGT 
TCCAAGAGACGCCAATCGTTGAGGTAACGAGGT 


4565 


Brassica napus 

Pro179Ser 

CCT-TCT 


ACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTGATGGCGACGAGAGGA 
ACACTGTCAAGCATCGCGTCGGCTAACCCGCT 


4566 




GACAGGTCTCTCGCCGG 


4567 




CCGGCGAGAGACCTGTC 


4568 


Sulfonylurea 

Resistance 

ALS3 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCGTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4569 


Brassica napus 

Pro179Gln 

CCT-CAA 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGTTGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4570 




ACAGGTCCAACGCCGGA 


4571 




TCCGGCGTTGGACCTGT 


4572 


Sulfonylurea 

Resistance 

ALS3 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCGTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4573 


Brassica napus 

Pro179Gln 

CCT-CAG 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGCTGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTMCCCGC 


4574 




ACAGGTCCAGCGCCGGA 


4575 




TCCGGCGCTGGACCTGT 


4576 


Imidazolinone 
Resistance 
ALS 3 


GACCGTACCTGTTGGATGTCATCTGTCCGCACCAAGAACATGTGT 
TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACCG 
AAGGGGATGGTCGCACTAAGTACTGAGAGAT 


4577 


Brassica napus 

Ser635Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCGGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACAGATGACATCCAACAGGTACGGTC 


4578 



WO 01/92512 



PCT/US01/17672 



59- 



10 



15 



20 



Phlenotybe, Gene 5 




MO: 


Want & Targeted 
Alteration 1 


. ' 1 
Altering Oligos | 


- ( 


3ATCCCAAATGGTGGCA 


4579 | 




rGCCACCATTTGGGATC 


4580 j 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 

. rt /^rt^/^/^A/->/^T^T^^r'r N ^^or'ATr2ATf > f5f5nAnnGACGC 

CCATCACGGGCCAGGTCTGCCGLObLrA l ija i ouvjuavv^o/v^vjv^ 

mTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4581 


Orvza saf/Va 

Pro171Ser 

CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTUGb I b 

CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4582 




GCCAGGTCTCCCGCCGC 


4583~| 




GCGGCGGGAGACCTGGC 


4584 
4585 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGC 1 GCTCGACTCCb 1 bCCGATbb 1 bbb 
CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 

TTnCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


Oryza safn/a 

Pro171Gln 

CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCG 1 bbb I 
GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATCG 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4586 


CCAGGTCCAACGCCGCA 


4587 




TGCGGCGTTGGACCTGG 


4588 


Sulfonylurea 

Resistance 

ALS 

Oryza satfva 

Pro171Gln 

CCC-CAG 


CCGCGCTCGCCGACGCGC 1 GCTCGACTCCb I CCCGA rbb I bbb 
CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 

TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4589 


"GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 
GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4590 


CCAGGTCCAGCGCCGCA 


4591 




TGCGGCGCTGGACCTGG 


4592 


Imidazolinone 

Resistance 

ALS 

Oryza sativa 

Ser627Asn 

AGT-AAT 


" GGCCATACTTGTTGGA 1 A 1 CATCGTCCCGCACCAGGAGCA I b I bo 
TGCCTATGATCCCAAATGGGGGCGCATTOAAbbAOAi ^a i i w 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 


4593 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCAIGlObi 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 

GCGGGACGATGATATCCAACAAGTATGGCC 


4594 


GATCCCAAATGGGGGCG 


4595 




CGCCCCCATTTGGGATC 


4596 I 



WO 01/92512 



-60- 
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Phenotype, Gene, 
Plant & Targeted 


Altering Oligos 


SEQID 


rtllcl ctUUll 


NO- 


Sulfonylurea 

Resistance 

ALS 


TCTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TTCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4597 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGTG 
CCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGGG 
GACGGAGTCGAGCAACGCGTCTGCGAGCGCAGA 


4598 




GACAGGTGJCGCGACGC 


4599 




GCGTCGCGACACCTGTC 


4600 


Sulfonylurea I 

Resistance 

ALS 


CTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
TCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4601 


Zea mays 
Pro165Gln 
CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGT 

GCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATGG 

GGACGGAGTCGAGCAACGCGTCTGCGAGCGCAG 


4602 




ACAGGTGCAGCGACGCA 


4603 




TGCGTCGCIGCACCTGT 


4604 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCGCACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTGATCCGT 


4605 


Zea mays 

Ser621Asn 

AGT-AAT 


ACGGATCAATACACAGTCCTGCCATCACCATCCAGGATCATATCC 
TTGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTCCTGG 
TGCGGGACGATTATATCCAAGAGGTACGGCC 


4606 




GATCCCTAATGGTGGGG 


4607 




CCCCACCATJAGGGATC 


4608 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4609 


Gossypium hirsutum 

Pro186Ser 

CCT-TCT 


ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4610 




GTCAAGTCTCTCGTCGG 


4611 




CCGACGAGAGACTTGAC 


4612 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4613 


Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4614 




TCAAGTCCAACGTCGGA 


4615 



WO 01/92512 
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Phenotype, Gene, 
Plant & Targeted 
Alteration 



Utering Oligos 

^ 



| TCCGACGJTGGACTTGA 











SEQID 

NO: : 


;:|:j:-:[:;:-x : .:;i;: : 




11- 






1 4616 



Sulfonylurea 
i Resistance 
lALS 

Gossypium hirsutum 
Pro186Gln 
| CCT-CAG 



TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AfifiAAACTCCAATTGTTGAGGTAACAAGGTC 



'GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCIGGACTTGACCAGTGATCGCCACGAGAGG 
nATAHTATCGAGCATTGCATCAGCGAGACCAC 



TCAAGTCCAGCGTCGGA 



Imidazolinone 
Resistance 

Ials 

Gossypium hirsutum 

Ser642Asn 

AGT-MT 



TCCGACGCTGGACTTGA 

"GACCTTAC1 TGTTGGATG I GA I TGTCCCACA I CAAUAACA I li I UU I 
GCCTATGATCCCCAATGGAGGGGCTTTCAAAGATGTGATCACAGA 

ftftCTfiATGGMGMCACMTATTGACCTCA 



4617 



4618 



4619 
4620 



TGAGGTCMTATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCCCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 

ftTftflfiACAATCACATCCAACMGTAAGGTC 



GATCCCCAATGGAGGGG 



Sulfonylurea 
Resistance 
IALS 

| Amaranthus powellii 
Pro192Ser 
CCC-TCC 



:ttttc 



CCCCTCCATTGGGGATC 

TCTGGTCT I GCTGATGCAU 1 1 C 1 1 GAU TCACi I uuu 1 1 
ATTACTGGGCAAGmCCCGGCGTATGATTGGTACTGATGC 

AA nAnAnTCCAATTGTTGAGGTAACTCGAT . 

'atcgagttacctcaacaattggagtctcttgaaaagcatcagtacc 

AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 

CTGAGTCAAGAAGTGCATCAGCAAGACCAGA _ 

GGCAAGTTICCCGGCGT 



Sulfonylurea 
I Resistance 
lALS 

| Amaranthus powellii 
Pro192Gln 
CCC-CAA 



ACGCCGGGAAACTTGCC 

CTGGTC1 IGCIGATGCACI ICI IGACTCAtilUUUiCTTGTOWJA 
TTACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGCTTTTC 

AAfiAGACTCCAATTGTTGAGGTMCTCGATC 



4621 



4622 



4623 
4624 
"4625" 



4626 



4627 
4628 



GATCGAGTTACCTCMCMTTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 

rTttAfiTCAAGAAGTGCATCAGCAAGACCAG 



GCAAGTTCAACGGCGTA 



Sulfonylurea 
Resistance 

lALS 

I Amaranthus powellii 
Pro192Gln 
CCC-CAC 



TACGCCGTTGAACTTGC 

CTGGTCTTGC'I GATGCAC I I CI I GACTCAG I UUU I CTTGTU^A 
TTACTGGGCMGTTCAGCGGCGTATGATTGGTACTGATGCTTTTC 

AAfiARACTCCAATTGTTGAGGTAACTCGATC 



"4B2T 



4630 



4631 
4632 



GATCGAGTTACCTCMCMTTGGAGTCTCTTGAAMGCATCAGTAC 
CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTGAGTCAAftAAGTGCATCAGCAAGACCAG 



4633 



4634 



WO 01/92512 PCT/US01/17672 

-62- 



Phenotype, Gene, 
Plant & Targeted 
; Alteration 








mi 

HO: 


Altering OHgos 




GCAAGTTCAGCGGCGTA 


4635 




TACGCCGCTGAACTTGC 


4636 


Imidazolinone 

Resistance 

ALS 


GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 
TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


4637 


Amaranthus powellii 

Ser652Asn 

AGC-AAC 


ACCAACTAATAAGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


4638 




GATCCCTAACGGTGCCG 


4639 




CGGCACCGJTAGGGATC 


4640 - 



WO 01/92512 



-63- 



PCT/US01/17672 



Table 12 

Genome-Altering niiaos Conferr ing Porphyric Herbicide Resistance 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 



SEQID 
NO: 



Porphyric Herbicide 
! Resistant 
iPPQ 

j Arabidopsis thaliana 
I Val365Met 
I GTT-ATG 



tcttgcgccctctttctgaatctgctgcaaatgcactctcaaaact 

ATATTACCCACCAATGGCAGCAGTATCTATCTCGTACCCGAAAGA 
Anr.AATnCGAACAGAATGTTTGATAGATGG 



CCATCTATCAMCATTCTGTTCGGATTGCTTCTTTCGGGTACGAGA 

tagatactGctgccafggtgggtaatatagttttgagagtgcatt 

Tfir.AGOAGATTCAGAAAGAGGGCGCAAGA . 



CCCACCAATGGCAGCAG 



CTGCTGCCATTGGTGGG 



4641 



4642 



4643 
4644 



Porphyric Herbicide 

Resistant 

PPO 

I Nicotiana tabacum 
|Val376Met 
| GTT-ATG 



TATTACGTCCT C ITTCGG1 I GCUGUAGCAGAI GCAC I 1 ICAAAI I T 
CTACTATCCCCCAATGGGAGCAGTCACAATTTCATATCCTCAAGAA 

ttPTATTrGTGATGAGCGTCTGGTTGATGG 



I Porphyric Herbicide 
I Resistant 
PPO 

Cichohum intybus 
|Val383Met 
I GTT-ATG 



Porphyric Herbicide 

Resistant 

PPO 

Spinacia oleracea 
|Val390Met 
GTT-ATG 



CCATCAACCAGACGCTCATCACGAATAGCTTCTTGAGGATATGAA 
ATTGTGACTGCTCCCAnGGGGGATAGTAGAAATTTGAAAGTGCA 
Tf:TGCTGCGGCAACCGAAAGAGGACGTAATA 



TCCCCCAATGGGAGCAG 



CTGCTCCCATTGGGGGA 

TGTTGCGTCCGCTTTCG 1 1 GGG I GCAGCAGA I GGATTG I CAAAA f 
TTTATTATCCTCCGATGGCAGCTGTATCAATTTCATATCCAAAAGA 

P.GCAATTCGTGCTGACCGGCTGATTGATGG 



4645 



4646 



4647 



CCATCAATCAGCCGGTCAGCACGAATTGCG I U 1 1 1 1 GGATATGAA 
ATTGATACAGCTGCCAICGGAGGATAATAAAATTTTGACAATGCAT 

fTTGfn"GOACCCAACGAAAGCGGACGCAACA 



TCCTCCGATGGCAGCTG 



CAGCTG CCATCGGAGGA 
TCCTTCGTCCACTTTCAGATGTCGCCGCAGMTCTCTnCAAAATT 
TCATTATCCACCAATGGCAGCTGTGTCACTTTCCTATCCTAAAGAA 

GCAATTAGATCAGAGTGCTTGATTGACGG 



4650 



4651 



CCGTCMTCMGCACTCTGATCTMTTGCTTCTTTACiGATAGGAAA 
GTGACACAGCTGCCAFGGTGGATAATGAAATTTTGAAAGAGATTC 
TGCGGCGACATCTGAAAGTGGACGAAGGA 



4654 



TCCACCAATGGCAGCTG 



CAGCTGCCATTGGTGGA 



4655 
"4656" 



WO 01/92512 



PCT/US01/17672 



-64- 



Phenotype, Gone, 


• 




Plant $ Targeted 

A l-for^af \r\r\ 

. • . MlierqllO.n;:;:;:-:;::::^^ 


** 

Altering OIicjqs 


Bill 

HO' 


Porphyric Herbicide 

Resistant 

PPO 


1 1 1 IGCGICCACI 1 ICAAGCGATGCTGCAGATGCTCTATCAAGATT 
CTATTATCCACCGATGGCTGCTGTAACTGTTTCGTATCCAAAGGAA 
GCAATTAGAAAAGAATGCTTAATTGATGG 


4657 


Zea mays 

Val363Met 

GTT-ATG 


CCAICAAI IAAGCAI ICI 1 1 ICIAAI IGCI ICCN I'GGAIACGAAAC 

AGTTACAGCAGCCATCGGTGGATAATAGAATCTTGATAGAGCATC 

TGCAGCATCGCTTGAAAGTGGACGCAAAA 


4658 




TCCACCGATGGCTGCTG 


4659 




CAGCAGCCATCGGTGGA 


4660 


Porphyric Herbicide 

Resistant 

PPO 


TCTTGCGGCCACTTTCAAGTGATGCAGCAGATGCTCTGTCAATATT 

CTATTATCCACCAATGGCTGCTGTAACTGTTTCATATCCAAAAGAA 

GCAATTAGAAAAGAATGCTTAATTGACGG 


4661 


Oryza sativa 

Val364Met 

GTT-ATG 


CCGICAAI IAAGCAI ICI 1 1 ICIAAI IGCI ICI 1 1 IGGAIAIGAAAC 
AGTTACAGCAGCCATTGGTGGATAATAGAATATTGACAGAGCATCT 
GCTGCATCACTTGAAAGTGGCCGCAAGA 


4662 




TCCACCAATGGCTGCTG 


4663 




CAGCAGCCATTGGTGGA 


4664 


Porphyric Herbicide 

Resistant 

PPO 


CTGGTCAAGGAGCAGGCGCCCGCCGCCGCCGAGGCCCTGGGCT 
CCTTCGACTACCCGCCGATGGGCGCCGTGACGCTGTCGTACCCG 
CTGAGCGCCGTGCGGGAGGAGCGCAAGGCCTCGG 


4665 


Chlamydomonas 

reinhardtii 

VaI389Met 


CCGAGGCCTTGCGCTCCTCCCGCACGGCGCTCAGCGGGTACGA 
CAGCGTCACGGCGCCCATCGGCGGGTAGTCGAAGGAGCCCAGG 
GCCTCGGCGGCGGCGGGCGCCTGCTCCTTGACCAG 


4666 


GTG-ATG 


ACCCGCCGATGGGCGCC 


4667 




GGCGCCCATCGGCGGGT 


4668 



20 Table 13 

Genome-Altering Oliqos Conferring Triazine Resistance 





Phenotype, Gene, ; 
Plant & Targeted 
Alteration 






Altering Oligos 








SEQID 

: NO: 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 


AAAC 1 1 ACAACA 1 1 G I AGC I GC I CACGG 1 1 A III I GGCCGA 1 1 GA I 

TTTCCMTATGCTACTTTCMCMTTCTCGTTCTTTACATTTCTTCTT 

AGCGGCTTGGCCGGTAGTAGGTATTTG 


4669 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4670 



WO 01/92512 



-65- 



PCT7US01/17672 





Phenotype, Gene, 
Plant & Targeted 
Alteration 




■■\ SEQ ID 




Altering OHgos 


NO: 






ATATGCTACTTTCAACA 








TGTTGAAAGTAGCATAT 


40/ Z 




Triazine Resistant 
D1 Protein 
Nicotiana tabacum 


AAACTTATAACATCGTAGOOlaO 1 OA 1 bu 1 1 A 1 1 1 1 ooOOOA 1 1 OA 1 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACnCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


\ 


5 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACbAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATGTTATAAGTTT 


i 40/4 






ATATGCTACTTTCAACA 


40/0 






TGTTGAAAGTAGCATAT 


40/0 


• 


Triazine Resistant 
D1 Protein 
Populus deltoides 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCCGCTCATGG 1 IAI 1 1 lUUCCGATTGAT 
CTTCCAATATGCTAC'1 1 1 1 AACAACTCTCGCTCTTTACATTTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4677 


10 


CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAA" 
AACCATGAGCGGCTACGATATTATAAGTTT 


40/0 

r 






ATAIGCIACI 1 1 IAACA 


4o/y 






TGTTAAAAGTAGCATAT 


/ con I 
4ooU ! 




Triazine Resistant 
D1 Protein 
Petunia x hybrida 
Ser264Thr 
AGT-ACT 


a a a ant— r at a at UTO^T A^A/^O/^TP AT^PTTAlTTTPPrT 1 ^ ATT/^AT 

AAACTTATAATATCGTAGCCGCTCATGb 1 IAI 1 1 IbLjOOOAi HjAI 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCI 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


H-OO 1 


15 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACbAy 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATATTATAAGTTT 


a 40oZ 






ATATGCTACTTTCAACA 


4003 






TGTTGAAAGTAGCATAT 


40 04 




Triazine Resistant 
D1 Protein 

Magnolia pyramidata 


AAACTTATAATATCG T AGO 1 bO 1 OA 1 uu 1 1 A 1 1 I 1 ooOOOA I I oa I 
CTTCCMTATGCTACmCMCMTTCTCGTTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


HUOJ 

k 


20 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
AACCATGAGCAGCTACGATATTATAAGTTT 


\ 4000 

T 






ATATGCTACTTTCAACA 


40o/ 






-r~/"*v | l 1 /**\ A A A /*T A /"*^ AT AT 

TGTTGAAAGTAGCATAT 


4fifi8 
tuou 




Triazine Resistant 
D1 Protein 
Medicago sativa 


AAACCTATAATATTGTAGCAGCTCATGGTTA 1 1 1 IGGCCGAI IGAI 
CTTCCMTATGCTACmCAACAACTCTCGTTCTTTACATTTCTTC( 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4689 


25 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGA/ 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAA/ 
TAACCATGAGCTGCTACAATATTATAGGTTT 


\. 4690 






ATATGCTACTTTCAACA 


4691 



WO 01/92512 



-66- 



PCT7US01/17672 



. v: : .-:-: : :> : :-: : : ; :y.-: Xx; : : : XvX ; :-:-.-x-: : :>. -x x : x-x- 

Phenotype, Gene> 


: 


SEQ ID 


Plant & Targeted 
■ Alteration 


Altering Oligos 

• 


NO: 




I b II bAAAb 1 AbUA 1 A 1 


AfiQ9 ! 


i nazine rcesisiani 
D1 Protein 
(j/yc/ne n?ax 


AAAPPTATAATA7Tf^TAf^PTfiPTPATrif4l I AM 1 1 CAC^CCi 1 K-5AI 

CTTCCAATATGCAACTTTCAACAATTCTCGTTC 1 1 1 AC ATTTCTTCT 
t a r^PTr^PTTrir^ pptttt a cut a czczt attt^ 




oerzo4 i nr 
AGT-ACT 


PA a ATAPPTAPTAP APPPP A APPAPPTA APAAPAAAT^TA AA^AA 

UAAA 1 ALL 1 AU 1 AUAbbUUAAbUAbU 1 AAbAAbAAA 1 b 1 AAAbAA 

CGAGMTTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAGGTTT 






ATATOP A A PTTTP A APA 

A 1 A 1 bUAAG 1 1 1 UAAUA 






TPTTP AAA PTTPP AT AT 

Tbl FbAAAGl IbUAIAI 




Triazine Resistant 
D1 Protein 


AAACTTACAACATTGTAGCTGCTCACGG 1 IAI 1 1 IbbUUbAI IbAI 
CTTCCMTATGCTACTTTCMCMTTCTCGTTCTTTACATTTCTTCT 


4697 


ofBSSlCB napus 


T A f^PPPPTTO/tiPPPPTA PTA OOTA 1 1 IP 
I AbUbUU 1 1 boUubb 1 Ao 1 Mvjvj I M ! 1 lo 




biyzo4 1 nr 
GGT-ACT 


OA A ATAPPTAPTA PPPPPP A APPPPPTA AP A AP A A ATPT A A AP A A 

UAAA 1 AUU 1 AU 1 AUUbbUUAAbUUbU 1 AAbAAbAAA 1 o 1 AAAUAA 

CGAGMTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


ARQft 

noyo 




ata Tp OT A P I I IP A A OA 

ATAIbUIACI I IUAAUA 


4oyy 




TPTTP A A A OTA OP A TAT 

i b I TbAAAGTAbU A 1 A 1 


Hi UK) 


i nazine Kesistant 
D1 Protein 


A A AOTTATA ATATTP/TY^PPf^PTP LTCXCH I T ATTITPtt^PPft ATTAAT 
AAMU 1 IAIMMIMI 1 \d 1 OuUOuU \ UM1 V30 1 Inl 1 1 1 uOoUon! IMMI 

CTTCCMTATGCTACTTTrMCMCTCTCGTTCTTTACACTTCTTCT 


4701 


Oryza sativa 


TOOOTOOTTOOOOTOT A OT A POO A 1 1 1 O 

J bbU 1 bU 1 ) bbUU 1 b 1 Ab 1 AbbbA 1Mb 




oerzo4 i nr 
AGT-ACT 


OA A ATOOOTAOT AO AOOOO A AOOAOOO A AO A AO A A PTPT A A AO A A 

UAAA I UUU 1 AU 1 AUAbbUUAAbUAbUUAAbAAbAAb 1 b I AAAbAA 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGCCACAATATTATAAGTTT 


4/UZ 




a t A TOOT" A O 1 1 IT A AO A 

ATATGCTACI I 1 IAAUA 


4/ UO 




TP I'TA A A AOTAOOATAT 

TbTTAAAAG I AbUATA 1 


A7HA 
4/ U4 


Triazine Resistant 
D1 Protein 


AGACTTATAATATTGTGGCTGCTCACGG'I IAI 1 1 IGGICGATTAAT 
CTTCCAATATGCTACTTTCAACAATTCTCGTTC 1 1 1 ACACTTCTTCT 


4705 


lea mays 


TGGCTGCTTGGCCTGTAGTAGGGATCTG 




Ser264Thr 
AGT-ACT 


CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATTATAAGTCT 


4706 




ATATGCTACTTTCAACA 


4707 




TGTTGAAAGTAGCATAT 


4708 


Triazine Resistant 
D1 Protein 


A A APTTAPAAPATTPTAPPTPPTPAPPPTTAT T TTOOOPfi ATTP.AT 

AAAU 1 1 AUAAUA 1 1 b I AbU 1 bU 1 UAUbb 1 1 A 1 1 11 bbUUoA 1 1 oA 1 

TTTCCMTATGCTACTTTCMCMTTCTCGTTCTTTACATTTCTTCTT 


A70Q 
hi uy 


Arabidopsis thaliana 


AGCGGCTTGGCCGGTAGTAGGTATTTG 




Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4710 




ATATGCTACTTTCAACA 


4711 




TGTTGAAAGTAGCATAT 


4712 



WO 01/92512 



-67- 



PCT/US01/17672 



Phenotype, G|ne;;; 
g|lant,& Targf|eti;-: 
Alteration 



Altering Oligos 



SEQID 
NO: 



Triazine Resistant 
D1 Protein 
Nicotiana tabacum 
Ser264Thr 
AGT-ACT 



i Triazine Resistant 
D1 Protein 
Populus deltoides 
Ser264Thr 
AGT-ACT 



AAACTTATAACATCG I AGCCbC I CATGGT IAI 1 1 IGGCCGA1 IbAI 
CTTCCMTATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAftHTftPTTfiflCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCMGCAGCTAGGAAGAAGTGTAACGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACnATGAGCGGCTACGATGTTATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



4714 



4715 



4716 



AAACTTATAATA I CGTAGCCGU I CA I bb I IAI I I IbbtXbAl IbAI 
CTTCCMTATGCTACTTTTAACAACTCTCGCTCTTTACATTTCTTCT 

TAGCTGCTTGGCCTGJAGTAGGJ^rCTG 



CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACOATGAGCGGCTACGATATTATAAGTTT 



ATATGCTACTTTTAACA 



I Triazine Resistant 
D1 Protein 
Petunia xhybrida 
Ser264Thr 
AGT-ACT 



TGTTAAAAGTAGCATAT 

AMCTTATMTATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAftPTflfTTTGGCCTGTAGTAGGTATCTG 



i Triazine Resistant 
D1 Protein 

Magnolia pyramidata 

Ser264Thr 

AGT-ACT 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATATTATAAGTTT 



ATATGCTACTTTCAACA 



TGT TGAAAGTAGCATAT _ 

AAACTTATAAT ATCGTAGC I GC I CA I bb I IAI I I I GGCCGAT I bAT 
CTTCCMTATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCC 

TAnnTfir.TTGGCCTGTAGTAGGTATCTG 



4717 



4718 



4719 



4720 
4721 



4722 



4723 
~4724" 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AAOCATGAGCAGCTACGATATTATAAGTTT . 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



4726 



4727 



Triazine Resistant 
D1 Protein 
Medicago sativa 
Ser264Thr 
AGT-ACT 



AAACCTATAA I A I TGTAGCAGC I CA I bb I IAI 1 1 ibbiA^M 
CTTCCMTATGCTACmCAACAACTCTCGTTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGJAGTAGGJATCTG 




CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCTGCTACAATATTATAGGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



4730 



4731 



4732 



WO 01/92512 



PCT/US01/17672 



-68- 



\ Phenotype, Gene, 
• Plant & Targeted 
Alteration 










Altering Oligos 


NO; 




' 


Triazine Resistant 
D1 Protein 
Glycine max 


AAACCTATAATATTGTAGCTGCTCATGG1 IAI 1 1 IGGCCGATTGAT 
CTTCCMTATGCMCTTTCMCMTTCTCGTTCTTTACATTTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 


4733 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCAGCTACAATATTATAGGTTT 


4734 




ATATGCAACT 


TTCAACA 


4735 




TGTTGAAAGTTGCATAT 


4736 


Triazine Resistant | 
D1 Protein 
Brassica napus 


AAACTTACAACATTGTAGCTGCTCACGGT 1 A 1 1 1 IGGCCGATTGAT 
CTTCCMTATGCTACTTTCMCMTTCTCGTTCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4737 


Gly264Thr 
GGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4738 




ATATGCTACTTTCAACA 


4739 




TGTTGAAAGTAGCATAT 


4740 


Triazine Resistant 
D1 Protein 
Oryza sativa 


AAACTTATAATATTGTGGCCGCTCATGGTTA 1 1 1 IGGCCGATTAAT 
CTTCCAATATGCTAC 1 1 1 1 AACAACTCTCGTTCTTTACACTTCTTCT 
TGGCTGCTTGGCCTGTAGTAGGGATTTG 


A "J A A 

4741 


Ser264Thr 
AGT-ACT 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGCCACAATATTATMGTTT 


4742 




ATATGCTACT 


TTTAACA 


4743 




TGTTAAAAGTAGCATAT 


4744 


Triazine Resistant 
D1 Protein 
lea mays 


AGACTTATAATATTGTGGCTGCTCACGGn A 1 1 1 IGGICGAI IAAI 

CTTCCMTATGCTACTTTCAACAATTCTCGTTCTTTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGGATCTG 


4745 


Ser264Thr 
AGT-ACT 


CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGMGTGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATTATAAGTCT 


4746 




ATATGCTACT 


TTCAACA 


4747 




TGTTGAAAGTAGCATAT 


4748 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 


AAACI IACAACAI IGIAGCIGCICACGGI IAI 1 1 IGGCCGAI IGAT 
TTTCCMTATGCTACTTTCMCMTTCTCGTTCTTTACATTTCTTCTT 
AGCGGCTTGGCCGGTAGTAGGTA 1 1 IG 


4749 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4750 




ATATGCTACT 


TTCAACA 


4751 




TGTTGAAAGTAGCATAT 


4752 



WO 01/92512 



-69- 



PCT/USO 1/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration 

I Triazine Resistant 

D1 Protein 

P/cea abies 

Ser264Thr 
I AGT-ACT 



Altering Oligos 



SEQ1D 

NO: 



AAACCTACAA I ATTGTGGC I GC I CACGG I IAI I IUGGCCGAI IUAI 
CTTCCAGTATGCTACTTTCMCMCTCCCGTTCTTTACATTTCTTCT 

TAGCTGCTTGGCCCGTAGCAGGTAJCTG 



CAGATACCTGCTACGGGCCAAGCAGCTAAGAAGAAATGTAAAGM 
CGGGAGTTGTTGAAAGTAGCATACTGGAAGATCAATCGGCCGAAA 

TAACCGTGAGCAGCCACAATATTGTAGGTTT 



GTATGCTACTTTCAACA 



TGTTGAAAGTAGCATAC 



I Triazine Resistant 
D1 Protein 
Vicia faba 
Ser264Thr 
AGT-ACT 



AAACCTATAATATTGTAGCIGCICACGGTTAI I I IGGCCGAI lUAl 
CTTCCMTATGCTACTTTCMCMTTCTCGCTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 



4753 



4754 



4755 



4756 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AAnCGTGAGCAGCTACAATATTATAGGTTT . 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



4757 



4758 



4759 
4760 



i Triazine Resistant 

D1 Protein 

Hordeum vulgare 

Ser264Thr 
I AGT-ACT 



I Triazine Resistant 
D1 Protein 
Triticum aestivum 
Ser264Thr 
AGT-ACT 



AGACTTATAATATTGTGGCTGCTCATGGTTATTTTGGCCGATTAAT 
CTTCCMTATGCTACTTTCAACAACTCTCGTTCTTTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGAAJCTG 



CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 

AACCATGAGCAGCCACAATATTATAAGTCT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



4761 
"4762" 



4763 
4764 



AAACTTATAA'l ArTGTGGCTGC I CATGGT I A I 1 1 IGGCCGAI IAAI 
CTTCCMTATGCTACTTTCAACAACTCTCGTTCTTTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGAATCTG 



CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AAnnATGAGCAGCCACMTATTATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



4765 



4766 



4767 



4768 



I Triazine Resistant 

D1 Protein 

V/gna unguiculata 

Ser264Thr 
I AGT-ACT 



AAACTTATAATArTGTAGCTGC I UATGGTTAI 1 1 IGGCCGAI IAAIC 
TTCCMTATGCMCTTTCMCMTTCTCGTTCTTTACATTTCTTCCT 

Af^nTGnTTGGCCTGTAGTAGGTATTTG 



4769 



CAAATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGMTTGTTGAAAGTTGCATATTGGAAGATTAATCGGCCAAAAT 

AACCATGAGCAGCTACAATATTATAAGTTT 



4770 



ATATGCAACTTTCAACA 



TGTTGAAAGTTGCATAT 



4771 
4772 



WO 01/92512 
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Pfienotype, Gene, 




SEQID 

NO; 


Plant & Targeted 


Altering Oligos 








i nazine Kesistant 


A A APPTATA ATATTPTAPPTP.PTPAPP.P.TTA 1 1 1 1 P. f^P P P. A TTf^ AT 
AAAbb 1 A 1 AA 1 A 1 1 b 1 Abu 1 bb 1 UAUbb 1 1 A 1 1 1 1 bbuUoA 1 I bM 1 


Hi 1 0 


u i rrotein 


PTTPP A AT ATPP A A PTTTP A A P A A PTPTPPTTPTTT A P A PTTPTTPT 

b 1 J bbAA 1 A 1 bbAAU 1 1 \ bAAbAAb \ b 1 bb II b J I 1 AbAb 1 Ibl J b 1 




LOTUS jdponicus 


T A PPTP PTTPPPPTPTTPT A PPT A TPTP. 

1 Abb 1 bb 1 1 bbUU 1 b 1 Ibl Abb 1 A 1 b 1 b 




oer2!D4 1 nr 


PAPATA /^PTAP A APA pppp A APP A PPTA AP A AP A A PTPTA A AP A A 

CAbATAGCTALAACAbbuUAAbCAbUTAAbAAbAAb 1 b 1 AAAbAA 


A77A 

4/ /4 


apt apt 

Ab 1 -Ab 1 


PP AP AP V TTPTTPA A A PTTPP AT ATTPP A AP ATP A ATPPPPP A A A AT 

bbAbAbl Ibl 1 bAAAb 1 IbbAIAI 1 bbAAbA 1 UAA 1 bbbUbAAAA 1 

AACCGTGAGCAGCTACAATATTATAGGTTT 






ATATGCAAC 1 1 1 CAACA 


A77C 
4/ / 0 




TPTTPA A AOTTPPATAT 

TGTTGAAAGTTGCATAT 


A77£ 
47/0 


Triazine Resistant 


AMCTTACMCATTGTAGCTGCTCACbb 1 IAI 1 1 IbbUCGATTGAT 


4777 


u i rrotein 


PTTPPA AT ATPPT A PTTTP A APA ATTPTPPTTPT 1 1 APA'I 1 I'PTTPT 

b 1 1 bbAA 1 A 1 bb 1 Ab 1 1 1 bAAbAA 1 1 b 1 bb 1 1 b 1 1 1 AbA 1 1 1 b 1 1 b 1 




oMdpiS dIDd 


T A PPPPPTTPPPPPPT APT A PPT ATTTP 

lAbbbbbl 1 bbbbbbl Abl Abb 1 Al 1 lb 




berzo4 1 nr 


r\ a A ATA PPT A PTA OPPPPP A A P P P P PT A A P A AO A A ATPTA A APA A 

bAAATAbbTAbTAbbGGbbMGbbGbTAAbAAbAAATb 1 AAAbAA 


A77Q 
4/ (0 


APT APT 
Ab 1 -Ab 1 


PP AP A ATTPTTP A A A PT A PP AT ATTPP A AP ATP A ATPPPPP A A A AT 

CGAbAATTb 1 1 bAAAG 1 AbbA 1 A 1 1 bbAAbA 1 b AA 1 bbbbbAAAA 1 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 






ATATGCTAC 1 1 1 CAACA 


A~7~7C\ 

4779 




Tp T'l'P A A APTAOPATAT 

TGTTGAAAGTAGCATAT 


4/oU 


i nazine Kesistant 


A A APPTATA AT ATTPT A PPTPPTP A PPPTT AT 1 1TPPPPP ATTPAT 

AAAbb 1 A 1 AA IAI Ibl Abb 1 bb 1 bAbbb 1 1 A 1 1 1 1 bbbbbA 1 I bA 1 


4/0 I 


ul Protein 


PTTPP A ATATPPT A PI 1 IP A APA ATTPTPPPTPT 1 I'APA'I 1 T'PTTPP 

CTTbCAATATbCTACI 1 IbAAbAAT 1 b 1 bbb 1 b II 1 AbA 1 1 1 b 1 1 bb 




Pisum sdtivum 


TAP PTP PTTPP P PTPT A PT A P PT A TPTP 

1 Abb 1 bb 1 1 bbbb 1 b 1 Ab 1 Abb 1 A 1 b 1 b 




berzo4Tnr 


P A P ATA PPT A PT APA r^f^C^t** A A PP A PPT A PP A A P A A ATPT A A A P A P 

CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 


47oz 


AGT-ACT 


CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTTT 






ATA TPPT A PTTTP A A P A 

ATATGCTAC 1 1 1 CAACA 


A7Q1 

47oo 




TP I I'P A A A PT A PP A TAT 

TGTTGAAAGTAGCATAT 


47o4 


Triazine Resistant 


AAACTTATAATATCGTAGCTGCTCATGGTTA 1 1 1 1 GGTCGATTGAT 


4785 


Ul Protein 


P I I PP A AT ATPPT A PTTTP A A P A A PTPTPPTTPTTT APA PTTPTTPT 

b 1 1 bbAA 1 A 1 bb 1 AC 1 1 1 bAAbAAb 1 b 1 bb 1 1 b 1 1 1 AbAb 1 Ibl Ibl 




Spinacia oleracea 


T A PPTPPTTPPPPTPT A PT A PPT A 1 1 IP 

TAbblbbl IbbbblblAblAbblAI 1 lb 




oerzo4 1 nr 
AGT-ACT 


PA A ATA PPT A PT APA r^f^f^f^ A A PP A PPT A A P A A P A A PTPT A A A P A A 

CAAATACCTACTACAGbCCAAGCAGCTAAGAAGAAGTbT AAAbAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGACCAAAAT 

AACCATGAGCAGCTACGATATTATAAGTTT 


47oo 




ATA TP PT A PTTTP A A P A 

ATATGCTAC 1 1 1 CAACA 


4787 




TP 1 I P A A A PT A PP AT AT 

TGTTGAAAGTAGCATAT 


A7QQ 
4/00 


Triazine Resistant 


A A AGITATA AOATA^TAr^^PT^AT^TTA 1 1 1 1 /^f^r^f^r^ A 1 1 /^AT 

AAACTTATAALATOblAGCUbOTCATbbTTATI ITbbbLbAI IbAI 


A7Q0 

i 4/oy 


D1 Protein 


CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 




Nicotiana debneyi 


TAGCTGCTTGGCCTGTAGTAGGTATCTG 




Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4790 




ATATGCTACTTTCAACA 


4791 




TGTTGAAAGTAGCATAT 


4792 



WO 01/92512 



-71- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration 


Altering Oligos 


SEQID 

NO; 


i nazine rvcsioujiu 
D1 Protein 
Solanum nigrum 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCCGCTCATGGI IAI I I IGGUCGAI IbAI 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4793 


nArATAPrTArTArAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4794 




A X A T(2 PT A PTTTf* A A P A 
A 1 A 1 vjjL/ 1 AO 1 i 1 vnnun 


4795 




TGTTGAAAGTAGCATAT 


4796 


Triazine Resistant 

D1 Protein 

Nicotiana 

plumbaginifolia 

Ser264Thr 

AGT-ACT 


AAACTTATAACATCGTAGCCGC TCATGG 1 IAI 1 1 IGGCCGAI itiAl 
CTTCCAATATGCTAC 1 1 1 UAAUAAU 1 L. I l»u 1 1 1 1 mw»au i i i iuv 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4797 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAAUUAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4798 


ATATGCTACTTTCAACA 


4799 




TGTTGAAAGTAGCATAT 


4800 



WO 01/92512 



PCT/US01/17672 



-72- 



Example 6 

Engineering male- or female-sterile plants 

Flower development in distantly related dicot plant species is increasingly better understood 
and appears to be regulated by a family of genes which encode regulatory proteins. These genes include, 
5 for example, AGAMOUS (AG), APETALA1 {AP1), and APETALA3 {AP3) and PISTILLATA {PI) in 

Arabidopsis thaliana, and DEFICIENSA {DEFA), GLOBOSA (GLO), SQUAMOSA {SQUA), and PLENA 
{PLE) in Antirrhinum majus. Genetic studies have shown that the DEFA, GLO and AP3 genes are essential 
for petal and stamen development Sequence analysis of these genes revealed that the gene products 
contain a conserved MADS box region, a DNA-binding domain. Using these clones as probes, MADS box 
10 genes have also been isolated from other species including tomato, tobacco, petunia, Brassica napus, and 
maize. 

Altering the expression of these genes results in altered floral morphology. For example, 
mutations in AP3 and PI result in male-sterile flowers because petals develop in place of stamens. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
1 5 used to generate site-specific mutations that confer altered floral structures in plants. 



Table 14 

Oligonucleotides to produce male-sterile plants 



Phenotype. Gene, 




























SEQID 


Plant & Targeted 
















Altering Oligos 












NO: 


Alteration 






























Male-sterile 
AP3 

Arabidopsis thaliana 

Arg3Term 

AGA-TGA 


TTGTCCTCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGA 
GAAGAATATGGCGTGAGGGAAGATCCAGATCAAGAGGATAGAGAA 
CCAGACAAACAGACAAGTGACGTATTCAA 


4801 


TTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTCTTGATC 
TGGATCTTCCCTCACGCCATATTCTTCTCTCTTTGTTTAATCI 1 1 1 1 
GTTGAAGAGATTTGGTGGAGAGGACAA 


4802 


ATATGGCGTGAGGGAAG 


4803 


CTTCCCTCACGCCATAT 


4804 


Male-sterile 
AP3 

Arabidopsis thaliana 

Lys5Term 

AAG-TAG 


TCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGA 

ATATGGCGAGAGGGTAGATCCAGATCAAGAGGATAGAGAACCAGA 

CAAACAGACAAGTGACGTATTCAAAGAGAA 


4805 


TTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTC 
TTGATCTGGATCTACCCTCTCGCCATATTCTTCTCTCTTTGTTTAAT 
C 1 1 1 1 1 GTTGAAGAGATTTGGTGGAGA 


4806 


CGAGAGGGTAGATCCAG 


4807 



WO 01/92512 
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PCT/US01/17672 



1 CTGGATCTACCCTCTCG 



4808 



Male-sterile 
AP3 

\Arabidopsis thaliana 
Gln7Term 
CAG-TAG 



I Male-sterile 
AP3 

\Arabidopsis thaliana 
Lys9Term 
AAG-TAG 



lale-stenle 
IAP3 

Brassica oleracea 

Lys23Term 

AAG-TAG 



I Male-sterile 
AP3 

\Brassica oleracea 
Arg24Term 
AGA-TGA 



CCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGG 
CGAGAGGGAAGATCIAGATCAAGAGGATAGAGAACCAGACAAACA 
nAHAAfiTGACGTATTCAAAGAGAAGGAATG 



CATTCCTTCTCTTTGMTACGTCACTTGTCTGTTTGTCTGGTTCTCT 
ATCCTCTTGATCTAGATCTTCCCTCTCGCCATATTCTTCTCTCTTTG 

MTCTTTTTGTTGAAGAGATJTGG - 



GGAAGATCIAGATCAAG 



CTTGATCTAGATCTTCC 

CTCTTCAAC AAAAAGATTAAACAAAGAGAGAAGAA I A I bbUGAGAG 
GGAAGATCCAGATCIAGAGGATAGAGAACCAGACAAACAGACAAG 

TnAr.GTATTCAAAGAGAAGGAATGGTTTAT 



4809 



4810 



4811 
4812 



ATAMCCATTCCTTCTCTTTGMTACGTCACTTGTCTGTTTGTCTGG 
TTCTCTATCCTCTAGATCTGGATCTTCCCTCTCGCCATATTCTTCTC 

GTTGAAGAG . 



TCTTTGTTTAATCT 



TCCAGATCIAGAGGATA 



CAAGTGACGTATTCTIAGAGAAGAAATGGTTTGTTCAAGAAAGCTC 
ACGAGCTTACAGTTTTATGTGATGCTAGGG 



CCCTAGCATCACATAAMCTGTMGCTCGTGAGCTTTCTTGAACAA 
ACCATTTCTTCTCTAAGAATACGTCACTTGTCGGTTGGTCTGGTTC 
THTATnnTCTTGATCTGGATCTTCCCTCT _ 



ATCCTCTAGATCTGGA 



4813 



4814 



4815 
4816 



CGTATTCTTAGAGAAGA 



TCTTCTCTAAGAATACG 
GGGAAGATCCAGATCAAGAGGATAGAGAACCAGAUUAAUCGACAA 
GTGACGTATTCTAAGIGAAGAAATGGTTTGTTCAAGAAAGCTCACG 
Anr.TTAnAGTTTTATGTGATGCTAGGGTTT 



4818 



4819 
4820 



AAACCCTAGCATCACATAAAACTGTAAGC I UG I GAGCTTTCTTGAA 
CAAACCATTTCTTCACTTAGAATACGTCACTTGTCGGTTGGTCTGG 

TTrTrTATr.r.Tr.TTGATCTGGATCTTCCC 



ATTCTAAGIGAAGAAAT 



ATTTCTTCACTTAGAAT 



4821 



4822 



4823 



4824 



Male-sterile 
AP3 

\Brassica oleracea 
Arg25Term 
AGA-TGA 



AAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAAGTG 
ACGTATTCTAAGAGAIGAAATGGTTTGTTCAAGAAAGCTCACGAGC 

TTAnAnTTTTATGT GATGCTAGGGTTTCGA 



4825 



TCGAMCCCTAGCATCACATAAMCTGTMGCrCGTGAGCTTTCTT 
GAACAAACCATTTCATCTCTTAGAATACGTCACTTGTCGGTTGGTC 

T^n-rrr.TnTATnCTCTTGATCTGGATCTT . 



4826 



CTAAGAGATGAAATGGT 



4827 



WO 01/92512 
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IVldlc-oltJI lie 

AP3 

Brassica oleracea 

Leu28Term 

TTG-TAG 


TDAAfiARnATARARAArCAfiACCAACCGACAAGTGACGTATTCTA 
AGAGMGAMTGGTTAGTTCAAGAAAGCTCACGAGCTTACAGTTTT 
ATGTGATGCTAGGGTTTCGATTATCATGTT 


4829 


a APATP ATA ATPPA A A PrPT A OP ATP A P AT A A A APTfTTA AfSPTPfTT 
AAOA 1 bA 1 AA 1 OoAAAOOO 1 AbUM 1 OAOA 1 /Wv\u 1 o 1 MMvjO 1 Oo 1 

GAGCTTTCTTGMCTMCCATTTCTTCTCTTAGAATACGTCACTTGT 
CGGTTGGTCTGGTTCTCTATCCTCTTGA 


HOOM 


AAA TPOTT A PTTP A APA 

AAAIvjLjI IAoI IOAAoA 


too 1 


TPTTPA APTAAPPA 1 1 1 
ION oAAOJAAOOA 1 1 1 




iviaic oici lie 

AP3 

Brassica napus 

Tyr21Term 

TAC-TAG 


GGCTCGAGGGMGATCCAGATTMGAGGATAGAGAACCAAACAAA 
CAGGCAGGTCACCTAGTCCAAGAGAAGAAATGGTTTGTTCAAGAA 
AGCACACGAGCTCTCTGTTCTCTGTGATGCT 


4833 


AGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAAACC ! 

ATTTCTTCTCTTGGACTAGGTGACCTGCCTGTTTGTTTGGTTCTCTA 

TCCTCTTAATCTGGATCTTCCCTCGAGCC 


4834 


GTCACCTAGTCCAAGAG 


4835 


nTGTTGGACTAGGTGAC 


4836 


Male-sterile 
AP3 

Brassica napus 

Lys23Term 

AAG-TAG 


CGAGGGAAGATCCAGATTAAGAGGATAGAGAACUAAACAAALAGb 
CAGGTCACCTACTCCTAGAGAAGAAATGGTTTGTTCAAGAAAGCAC 
ACGAGCTCTCTGTTCTCTGTGATGCTAAAG 


/ID 07 


PTTTAPPATPAPAPAPAAPAPAPA/^PTPPTP.TP.PTTTPTT^AAPAA 
0 1 1 1 AoLA 1 OAOAoAUAAO AbAbAoO 1 Oo 1 o I 1 MUM oAAOAA 

ACCATTTCTTCTCTAGGAGTAGGTGACCTGCCTGTTTGTTTGGTTC 
TCTATCCTCTTAATCTGGATCTTCCCTCG 


HOOD 


POTAPTPPTAPAPAAPA 

OO 1 AO 1 00_IAw\bAAUA 




T PTTPTPT APPA PT APP 




ivldlc-olci lit? 

AP3 

Brassica napus 

Arg24Term 

AGA-TGA 


nnnAARATrPAnATTAAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGTGAAGAAATGGTTTGTTCAAGAAAGCACACG 
AGCTCTCTGTTCTCTGTGATGCTAAAGTTT 


4841 


AAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAA 
CAMCCATTTCTTCACTTGGAGTAGGTGACCTGCCTGTTTGTTTGG 
TTCTCTATCCTCTTAATCTGGATCTTCCC 


4842 


AOTCCAAGTGAAGAAAT 


4843 


ATTTCTTrArTTnRAfiT 


4844 


iviciie-sienie 
AP3 

Brassica napus 

Arg25Term 

AGA-TGA 


AA^ATrPAr^ATTAA^Arj^ATAnAnAArPAAArAAArAnnrAnf^Tn 

ACCTACTCCAAGAGATGAAATGGTTTGTTCAAGAAAGCACACGAGC 
TCTCTGTTCTCTGTGATGCTAAAGTTTCCA 




TGGAAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTT 
GMCAMCCATTTCATCTCTTGGAGTAGGTGACCTGCCTGTTTGTT 
TGGTTCTCTATCCTCTTAATCTGGATCTT 


4846 


CCAAGAGATGAAATGGT 


4847 


ACCATTTCATCTCTTGG 


4848 



WO 01/92512 
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10 



15 



20 



25 



I Male-sterile 
DEFA 

\ Antirrhinum majus 
Arg3Term 
CGA-TGA 



GGAGAGAAAGgAAAGC I GGAAbAAG AAAAcAAbAblAb I Ab I bb I 
AGTGGTTCGATGGCTIGAGGGAAGATCCAGATTAAGAGGATAGAG 

AACCAAACAAACAGGCAGGTCACCTACTCCA 



TGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCC'lGTTAAT 
CTGGATCTTCCCTCAAGCCATCGAACCACTACCACTACTGCTCTTG 

TTTTCTTCTTCCAGCTTTCCTTTCTCTCC 



CGATGGCTTGAGGGAAG 



I Male-sterile 
DEFA 

I Antirrhinum majus 
Lys5Term 
AAG-TAG 



CTTCCCTCAAGCC ATCG 

AAAGGAAAGCTGGAAGAAGAAAACAAGAGCAG I Ab I bb I AGTGGT 
TCGATGGCTCGAGGGTAGATCCAGATTAAGAGGATAGAGAACCAA 

ArAAACAGGCAGGTCACCTACTCCAAGAGAA 



4850 



4851 



4852 



TTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCl^CCT 
CTTAATCTGGATCTACCCTCGAGCCATCGAACCACTACCACTACTG 

nTr.TTflTTTTCTTCTTCCAGCTTTCCTTT . 



CTCGAGGGIAGATCCAG 



Male-sterile 
J DEFA 

Antirrhinum majus 

Gln7Term 

CAG-TAG 



CTGGAT CTACCCTCGAG 

AAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGfGGTTCGATG 
GCTCGAGGGAAGATCIAGATTAAGAGGATAGAGAACCAAACAAAC 

Afinr.AGCTCACCTACTCCAAGAGAAGAAATG 



CATTTCTTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTC 
TATCCTCTTAATCTAGATCTTCCCTCGAGCCATCGAACCACTACCA 

nTACTGCTCTTGTTTTCTTCTTCCAGCTT . 



Male-sterile 
DEFA 

\ Antirrhinum majus 
Lys9Term 
AAG-TAG 



GGAAGATCIAGATTAAG 



CTTAATCTAGATCTTCC 



4853 



4854 



4855 
4856 



4857 



4858 



GAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCC3A I bGCTCGA 
GGGAAGATCCAGATTIAGAGGATAGAGAACCAAACAAACAGGCAG 

flTCACCTACTCCAAGAGAAGAAATGGTTTGT 



ACAMCCATnCTTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTG 
GTTCTCTATCCTCTAAATCTGGATCTTCCCTCGAGCCATCGAACCA 

nTAr.CACTACTGCTCTTGTTTTCTTCTTC 



TCCAGATTTAGAGGATA 



Male-sterile 
AP3 

\ Nicotians tabacum 
Lys5Term 
AAG-TAG 



TATCCTCTAAATCTGGA 

TCAGIAAI ICI lAAGAIClCAAAOTI IGAGCAAAAAb 
TATGGCTCGTGGGIAGATCCAGATCAAGAGAATAGAGAACCAAAC 

AAACAGACAAGTCACTTATTCTAAGAGAA 



4861 



4862 



4863 



4864 



TTCTCTTAGMTMGTGACTTGTCTGTTT GTTTGGtTC TCTATTCTC 
TTGATCTGGATCTACCCACGAGCCATAG 1 1 1 1 1 1 1 1 1 CTTTTTGCTC 
A A AnTTTfiARATCTTAAGAATTACTGA . 



4866 



CTCGTGGGTAGATCCAG 



4867 



CTGGATCTACCCACGAG 



4868 



WO 01/92512 
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AP3 

Nicotiana tabacum 

GlnTTerm 

CAG-TAG 


ATTCTTAAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGC 
TCGTGGGAAGATCIAGATCMGAGAATAGAGAACCAAACAAACAGA 
CAAGTCACTTATTCTAAGAGAAGAAATG 


4869 


CATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTTTGGTTCTCT 
ATTCTCTTGATCTAGATCTTCCCACGAGCCATAGI 1 1 1 1 1 1 1 ICTTT 
TTGCTCAAAGTTTGAGATCTTAAGAAT 


4870 


GGAAGATCTAGATCAAG 


4871 


CTTGATCTAGATCTTCC 


4872 


Male-sterile 
AP3 

Nicotiana tabacum 

Lys9Term 

AAG-TAG 


AAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTG 
GGAAGATCCAGATCTAGAGAATAGAGAACCAAACAAACAGACAAGT 
CACTTATTCTAAGAGAAGAAATGGAC 1 1 1 


4873 


AMGTCCATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTTTGG 
TTCTCTATTCTCTAGATCTGGATCTTCCCACGAGCCATAGI 1 1 1 1 1 1 
TTCI 1 1 1 1 GCTCAAAGTTTGAGATCTT 


4874 


TCCAGATCIAGAGAATA 


4875 


TATTCTCTAGATCTGGA 


4876 


Male-sterile 
AP3 

Nicotiana tabacum 

ArglOTerm 

AGA-TGA 


ATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTGGGA 
AGATCCAGATCAAGTGAATAGAGAACCAAACAAACAGACAAGTCAC 
TTATTCTAAGAGAAGAAATGGAC 1 1 1 ICA 


4877 


TGAAMGTCCATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTT 
TGGTTCTCTATTCACTTGATCTGGATCTTCCCACGAGCCATAGTTT 
1 1 1 1 1 ICI 1 1 1 1 GCTCAAAGTTTGAGAT 


4878 


AGATCAAGTGAATAGAG 


4879 


CTCTATTCACTTGATCT 


4880 


Male-sterile 
AP3 

Medicago sativa 

Tyr21Term 

TAC-TAG 


GGCTCGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAA 
CAGACAAGTAACTTAGTCAAAACGAAGGGATGGTC 1 1 1 ICAAGAAG 
GCCAATGAGCTCACTGTTCTTTGTGATGCT 


4881 


AGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGACCA 
TCCCTTCGTTTTGACTAAGTTACTTGTCTGTTCGTTGTGTTCTCTAT 
TCTCTTGATCTGGATCTTTCCTCGAGCC 


4882 


GTAACTTAGTCAAAACG 


4883 


CGI 1 1 IGACIAAGI IAC 


4884 


Male-sterile 
AP3 

Medicago sativa 

Ser22Term 

TCA-TGA 


CTCGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACA 

GACAAGTAACTTACTGAAAACGAAGGGATGGTCTTTTCAAGAAGGC 

CAATGAGCTCACTGTTCTTTGTGATGCTAA 


4885 


TTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGAC 
CATCCCTTCGI 1 1 1 CAGTAAGTTACTTGTCTGTTCGTTGTGTTCTCT 
ATTCTCTTGATCTGGATCTTTCCTCGAG 


4886 


AACTT ACTG AAAAC G AA 


4887 


TTC GTTTTC AGTAAGTT 


4888 



WO 01/92512 
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I Male-sterile 
AP3 

\Medicago sativa 
Lys23Term 
AAA-TAA 



CGAGGAMGATCCAGATCMGAGMTAGAGMCACMCGAACAGA 
CAAGTAACTTACTCAIAACGAAGGGATGGTCTTTTCAAGAAGGCCA 

ATnAfifTTnAnTGTTCnTGTGATGCTAAGG 



CCTTAGCATCACAMGMCAGTGAGCTCATTGGCCTTCTTUAAAAG 
ACCATCCCTTCGTTATGAGTAAGTTACTTGTCTGTTCGTTGTGTTCT 

nTATTCTCTTGATCTGGATCTTTCCTCG . 



CTTACTCATAACGAAGG 



CCTTCGTTATGAGTAAG 



4889 



4890 



4891 
4892 



I Male-sterile 
AP3 

Mecf/cago saf/Va 

Arg24Term 

CGA-TGA 



GGAAAGATCCAGATCAAGAGAAIAGAGAACACAACGAAUAUACAA 
GTAACTTACTCAAAAIGAAGGGATGGTCTTTTCAAGAAGGCCAATG 
Anr-Tr.Ar.TfiTrnTTTGTGATGCTAAGGTTT 



AMCCTTAGCATCACAMGMCAGTGAGCTCATTGGCCTIUrrcAA 
AAGACCATCCCTTCATTTTGAGTAAGTTACTTGTCTGTTCGTTGTGT 

TCTCTATTCTCTTGATCTGGATCTTTCC . 



ACTCAAAAIGAAGGGAT 



ATCCCTTCATTTTGAGT 



IMale-sterne 
DEF4 

\Solanum tuberosum 

Tyr21Term 

TAT-TAG 



GGCTCG I GG I AAG A I CCAgA I CA AGAAAA I AG AXAACUAAAUAAa i 
AGGCAAGTGACTTAGTCAAAGAGAAGAAATGGGCTATTCAAGAAG 

f^rtTAATGAACTTACAGTTCTTTGTGATGCT 



AGCATCACAMGMCTGTMGTTCATTAGCCTTCTTGAATAGCCCA 
TTTCTTCTCTTTGACTMGTCACTTGCCTATTTGTTTGGTTTTCTATT 

TTCTTGATCTGGATCTTACCACGAGCC 

GTGACTTAGTCAAAGAG 



I Male-sterile 
IDEF4 

Solarium tuberosum 

Ser22Term 

TCA-TGA 



4893 



4894 



4895 



4896 
189T 



4898 



4899 



CTCTTTGACTA AGTCAC 
CTCGTGGTMGATCCAGATCMGAAMTAGAAMCCAMCAMTAG 
GCMGTGACTTATTGAAAGAGAAGAAATGGGCTATTCAAGAAGGCT 

a ATn A AHTT AO AGTTCTTTGTG ATGCTAA 

TTAGCATCACAMGMCTGTMGTTCATTAGCCTTCTTGAATAGCC 
CATTTCTTCTCTTTCMTMGTCACTTGCCTATTTGTTTGGTTTTCTA 

TTTTCTTGATCTGGATCTTACCACGAG 



GACTTATTGAAAGAGAA 



I Male-sterile 
IDEF4 

\Solanum tuberosum 
Lys23Term 
AAG-TAG 



TTCTCTTTCAATAAGTC 

CGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGC 
AAGTGACTTATTCATAGAGAAGAAATGGGCTATTCAAGAAGGCTAA 

TfiAAnTTACAGTTCTTTGTGATGCTAAAG 



4900 
4901 



4902 



4903 



4904 



CTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTC 1 1 GAAlAGC 
CCATTTCTTCTCTATGMTMGTCACTTGCCTATTTGTTTGGTTTTC 

TA-rnTCTTGATCTGGATCTTACCACG ; 



CTTATTCAIAGAGAAGA 



TCTTCTCTATGAATAAG 



4906 



4907 



4908 
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Male-sterile 
DEF4 

Solanum tuberosum 

Arg24Term 

AGA-TGA 


GGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGCAAG 
TGACTTATTCAAAGTGAAGAAATGGGCTATTCAAGAAGGCTAATGA 
ACTTACAGTTCTTTGTGATGCTAAAGTTT 


4909 


AAACTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAAT 
AGCCCATTTCTTCACTTTGMTMGTCACTTGCCTATTTGTTTGGTT 
TTCTAI 1 1 1 CTTGATCTGGATCTTACC 


4910 


ATTCAAAGTGAAGAAAT 


4911 


Al 1 ICI ICACI 1 IGAAI 


4912 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Gly27Term 
GGA-TGA 


GCTAATGAACTTACTGTI C 1 1 IGIGAIGCIAAAGI 1 ICAAI IGI IAI 

GATTTCTAGTACTTGAAAACTTCATGAGTTTATAAGTCCCTCTATCA 

CGACCAAACAATTGTTCGATCTGTACC 


4913 


GGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTATAAA 
CTCATGAAG 1 1 1 1 CAAGTACTAGAAATCATAACAATTGAAACTTTAG 
CATCACAAAGAACAGTAAGTTCATTAGC 


4914 


CTAGTACTTGAAAACTT 


4915 


AAGTTTTCAAGTACTAG 


4916 


iviaje-sienie 
AP3 

Lycopersicon 
esculentum 
Lys28Term 
AAA-TAA 


A ATI'S A A PTT A PTPTTr 1 1 1 <TTY2 ATfSPT AAA fSTTTP A ATTYSTT ATY2 AT 
AA 1 uAAO 1 1 AO Ibl 1 1/ 1 1 1 u 1 u/\ 1 oL/ 1 AAAb 1 1 1 UAA 1 1 o 1 1 A i ufl 1 

TTCTAGTACTGGATAACTTCATGAGTTTATAAGTCCCTCTATCACGA 
CCAAACAATTGTTCGATCTGTACCAGA 


4Q17 

t y i / 


TrTfifiTArARATrRAArAATTnTrTfifiTrttTGATAGAGRRArTTAT 
AAACTCATGAAGTTATCCAGTACTAGAAATCATAACAATTGAAACTT 
TAGCATCACAAAGAACAGTAAGTTCATT 


4918 


(TTACTfinATAArTTrAT 


4Q19 


ATGAAfiTTATCPAfiTAf; 


4920 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Glu31Term 
GAG-TAG 


ACTGTTCTTTGTGATGCTAMGTTTCAATTGTTATGATTTCTAGTAC 

TGGAAAACTTCATTAGTTTATAAGTCCCTCTATCACGACCAAACAAT 

TGTTCGATCTGTACCAGAAGACTATTG 


4921 


CAATAGTCTTCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGA 
GGGACTTATAAACTAATGAAGI 1 1 1 CCAGTACTAGAAATCATAACAA 
TTGAAACTTTAGCATCACAAAGAACAGT 


4922 


AACI ICAIJAGI 1 IAI A 


4923 


TATAAACTAATGAAGTT 


4924 


Malp-^tprilp 
AP3 

Lycopersicon 
esculentum 
Lys40Term 
AAA-TAA 


ATTGTTATGATTTCTAGTACTGGAAAACTTCATGAGTTTATAAGTCC 
CTCTATCACGACCTAACAATTGTTCGATCTGTACCAGAAGACTATT 
GGAGTTGATATTTGGACTACTCACTATG 


4925 

T»/t.V 


CATAGTGAGTAGTCCAAATATCAACTCCAATAGTCTTCTGGTACAG 
ATCGAACAATTGTTAGGTCGTGATAGAGGGACTTATAAACTCATGA 
AGI 1 1 1 CCAGTACTAGAAATCATAACAAT 


4926 


TCACGACCTAACAATTG 


4927 


CAATTGTTAGGTCGTGA 


4928 
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viaie-sieriic 
AP3 

Thticum aestivum 


GGGGCGGGGGAAGATTGAGATAAAGCGGATCGAGAACGCCACCA 
ACAGGCAGGTGACCTAGTCCAAGCGCCGGTCGGGGATCATGAAG 
AAGGCGCGGGAGCTCACCGTGCTCTGCGACGCC 


4929 


Tyr21Term 
TAC-TAG 


GGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATGATCC 
CCGACCGGCGCTTGGACTAGGTCACCTGCCTGTTGGTGGCGTTC 
TCGATCCGCTTTATCTCAATCTTCCCCCGCCCC 


4930 




GTGACCTAGTCCAAGCG 


4931 


CGCTTGGACTAGGTCAC 


4932 


Male-sterile 
AP3 

Triticum aestivum 

Lys23Term 

AAG-TAG 


nnrnnn aap attpa^aTA A AftPf^ ATPGAGA APGCCACC AACAG 

GCAGGTGACCTACTCCTAGCGCCGGTCGGGGATCATGAAGAAGG 
CGCGGGAGCTCACCGTGCTCTGCGACGCCCAGG 


4933 


r > r k Tmr N r , r , Trr;rA^iA<^rArRf5TGAGnTCCnGCGCCl iCl iCATG 
ATCCCCGACCGGCGCTAGGAGTAGGTCACCTGCCTGTTGGTGGC 
GTTCTCGATCCGCTTTATCTCAATCTTCCCCCG 


4934 


nrTAPTPOTAf^prirrcri 

ULr 1 Au 1 L/UJLAoLrVjL/UoVj 


4935 


ULrboUoU 1 AvpbAo 1 Abb 


4936 


iviaie-sienie 
AP3 

Triticum aestivum 

Ser26Term 

TCG-TAG 


TTGAGATAAAGCGGATCGAGAACGCCACCAACAGGCAGGTGACCT 
ACTCCAAGCGCCGGTAGGGGATCATGAAGAAGGCGCGGGAGCTC 
ACCGTGCTCTGCGACGCCCAGGTCGCCATCAT 


4937 


ATfiATGGPGACCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGC 

CTTCTTCATGATCCCCIACCGGCGCTTGGAGTAGGTCACCTGCCT 

GTTGGTGGCGTTCTCGATCCGCTTTATCTCAA 


4938 


GrGCGGGTAGGGGATCA 


4939 


TGATCCCCTACCGGCGC 


4940 


JVIdIc~Mfct lie 

AP3 

Triticum aestivum 

Lys30Term 

AAG-TAG 


CGGATCGAGAACGCCACCAACAGGCAGGTGACCTACTCCAAGCG 
CCGGTCGGGGATCATGIAGAAGGCGCGGGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 


4941 


AmA(^AAPATf5ATr;ATfif?PfiArrTRGGnGTCGCAGAGCACGGTG 
AGCTCCCGCGCCTTCTACATGATCCCCGACCGGCGCTTGGAGTA 
GGTCACCTGCCTGTTGGTGGCGTTCTCGATCCG 


4942 


rV^ATPATY^TAnAAf^f^Pfi 
OWA 1 L/A 1 VjJ_AoAAoVjLf O 


4943 


OPPPTTPTAP ATOATPP 

OoUU 1 t U 1 AL/A 1 bA 1 Ub 


4944 ! 


IVlCtlC old lie 

Silkyi 
Zea mays 
Tyr21Term 
TAC-TAG 


GGGGCGCGGCAAGA I CGAGATCAAGCGGATCGAGAACguuauua 
ACCGCCAGGTGACCTAGTCCAAGCGCCGGACGGGGATCATGAAG 
AAGGCACGCGAGCTCACCGTGCTCTGCGACGCC 


: 4945 


GGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATGATCC 
CCGTCCGGCGCTTGGACTAGGTCACCTGGCGGTTGGTGGCGTTC 
TCGATCCGCTTGATCTCGATCTTGCCGCGCCCC 


4946 


GTGACCTAGTCCAAGCG 


4947 


CGCTTGGACTAGGTCAC 


4948 
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Male-sterile 
Silkyl 
Zea mays 
Lys23Term 
AAG-TAG 


CGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACCAACCG 
CCAGGTGACCTACTCCTAGCGCCGGACGGGGATCATGAAGAAGG 
CACGCGAGCTCACCGTGCTCTGCGACGCCCAGG 


A f\ A f\ 

4949 


CCTGGGCGTCGCAGAGCACGGTGAbO 1 ObOb I GOO 1 1 CTTOAI b 
ATCCCCGTCCGGCGCTAGGAGTAGGTCACCTGGCGGTTGGTGGC 
GTTCTCGATCCGCTTGATCTCGATCTTGCCGCG 


4yoU 


CCTACTCCTAGCGCCGG 


4951 


CCGGCGCTAGGAGTAGG 




iviaie-sienie 
Silkyl 
Zea mays 
Lys30Term 
AAG-TAG 


cent atpp a a a pf^ p p a a a p pf^pp a f2fn"fs a p pt a ptpp a a npr^ 
CCGGACGGGGATCATGTAGAAGGCACGCGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 




nUOnunnl/n 1 un 1 un 1 OuOUnUO 1 UUUbu 1 OOL/nUnUL/nuuU 1 O 

AGCTCGCGTGCCTTCTACATGATCCCCGTCCGGCGCTTGGAGTAG 
GTCACCTGGCGGTTGGTGGCGTTCTCGATCCG 




f^ATPATftTA^AAfSftPA 




Tf^PPTTPT A P AT^ ATPP 




iVIdic-olcIllc 

Silkyl 
Zea mays 
Lys31Term 
AAG-TAG 


ATPftA^AAP^PPAPPAAPPf^PPAPf^TftAPPTAPTPPAAftPf^PPfi 

GACGGGGATCATGAAGTAGGCACGCGAGCTCACCGTGCTCTGCG 
ACGCCCAGGTCGCCATCATCATGTTCTCCTCCA 




TGGAGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACG 

GTGAGCTCGCGTGCCTACTTCATGATCCCCGTCCGGCGCTTGGA 

GTAGGTCACCTGGCGGTTGGTGGCGTTCTCGAT 


4958 


TCATGAAGJAGGCACGC 


4959 


GCGTGCCTACTTCATGA 


A OCA 


iviaie-steriie 
AP3 

O/yza saf/Va 

LysSTerm 

AAG-TAG 


PPTAPf 1 H PP A 1 rryfPP? ^PPAr^Ar^Ar^ATAr^PTPlPTr^PAf^Pf'^P = 
bU 1 AbU 1 oOM 1 Ibl UUbbbbAbAbAbA 1 Abl» 1 bl» 1 bUAbbbbbU 

GGCCATGGGGAGGGGCTAGATCGAGATCAAGCGGATCGAGAACG 
CGACCAACAGGCAGGTGACCTACTCGAAGCGCC 


H-yo 1 


^^P<^PTTPft;Ar^TAfir2TPAPPT^PrTr5TTf5nTPRPf5TTPTPr5ATPr 

GCTTGATCTCGATCTAGCCCCTCCCCATGGCCGCCCCCTGCAGC 
AGCTATCTCTCTCGCCGGACAATGCAGCTAGC 




OvjnUUUOOXnUn 1 OUnu 




0 1 OoA 1 0 1 AuOOOO 1 OO 


AQRA 


Male-sterile 
AP3 

Oryza sativa 

GluTTenm 

GAG-TAG 


1 bOA 1 1 0 1 OObbObAbAbAbA 1 AbO 1 bO 1 bOAbbbbbObbOOA 1 
GGGGAGGGGCAAGATCTAGATCAAGCGGATCGAGAACGCGACCA 
ACAGGCAGC "GACCTACTCGAAGCGCCGCACGG 


4900 


CCGTGCGGC3CTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCT 
CGATCCGCTTGATCTAGATCTTGCCCCTCCCCATGGCCGCCCCCT 
GCAGCAGCTATCTCTCTCGCCGGACAATGCA 


4966 


GCAAGATCIAGATCAAG 


4967 


CTTGATCTAGATCTTGC 


4968 
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vlale-stenie 
AP3 

Oryza sath/a 

Lys9Term 

AAG-TAG 


GTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCATGGUUA 
GGGGCAAGATCGAGATCTAGCGGATCGAGAACGCGACCAACAGG 
CAGGTGACCTACTCGAAGCGCCGCACGGGGATCA 


4969 


TGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTC 

GCGTTCTCGATCCGCTAGATCTCGATCTTGCCCCTCCCCATGGCC 

GCCCCCTGCAGCAGCTATCTCTCTCGCCGGAC 


4970 


TrftAfiATfTTAGCGGATC 


4971 


ftATPPGCTAGATCTCGA 


4972 


Male-sterile 
AP3 

Oryza sath/a 

Glu12Term 

GAG-TAG 


GAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGAGGGGCAAGA 

TCGAGATCAAGCGGATCTAGAACGCGACCAACAGGCAGGTGACCT 

ACTCGAAGCGCCGCACGGGGATCATGAAGAAGG 


4973 


CCTTCTTCATGATCCCCGTGCGGCGCTTCGAGTAGGTCAUU 1 UUU 
TGTTGGTCGCGTTCTAGATCCGCTTGATCTCGATCTTGCCCCTCC 

CCATGGCCGCCCCCTGCAGCAGCTATCTCTC 


4974 


AGCGGATCTAGAACGCG 


4975 


CGCGTTCTAGATCCGCT 


4976 



10 



15 



20 



25 



Phenotype, Gjijefl 
Plant & Targeted 
Alteration; 

Male-sterile 
AG 

Arabidopsis thaliana 

Tyr35Term 

TAC-TAG 



Male-sterile 
AG 

Arabidopsis thaliana 

Gln36Term 

CAA-TAA 



Table 15 

Oligonucleotides to produce male-sterile plants 



Altering Oligos 



TCTGTACTMTCAMTTTTGCCCTAMCGTTTTTGGCTTTGGAGCA 
GCAATCACGGCGTAGCAATCGGAGCTAGGAGGAGATTCCTCTCC 

nTTGAG GAAATCTGGGAGAGGAAAGATCGAA 

TTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCCT 
CCTAGCTCCGATTGCTACGCCGTGATTGCTGCTCCAAAGCCAAAA 

ACGTTTAGGGCAAAATTTGATTAGTACAGA 



SEQID 

ill 



ACGGCGTAGCAATCGGA 



TCCGATTGCTACGCCGT ====== _^ = _ 

CTGTACTAATCAAA 1 1 1 1 GCCUTAAAUi 1 1 1 1 iGGCI I lUbWiUAL. 
CAATCACGGCGTACIAATCGGAGCTAGGAGGAGATTCCTCTCCCT 

TGAGG AAATCTGGGAGAGGAAAGATCGAAA 

TTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCC 
TCCTAGCTCCGATTAGTACGCCGTGATTGCTGCTCCAAAGCCAAA 

AACGTTTAGGGCAAAATTTGATTAGTACAG 



CGGCGTACTAATCGGAG 



CTCCGATTAGTACGCCG 



4978 



4979 
4980 

if 



4982 



4983 
4984 
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Phenotype, Gene, 
Plant& Targeted 

Aliiiipn 


- 

Altering Oligos 


ccVS in: 


NO: 


Male-sterile 
AG 

Arabidopsis thaliana 


AG I AA I CAM 1 1 1 IGCCCIAAACG! 1 1 1 IGGCI I IGGAGCAGCAAI 
CACGGCGTACCAATAGGAGCTAGGAGGAGATTCCTCTCCCTTGA 
GGAAATCTGGGAGAGGAAAGATCGAAATCAA 


4985 


Ser37Term 
TCG-TAG 


TTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAAT 
CTCCTCCTAGCTCCTATTGGTACGCCGTGATTGCTGCTCCAAAGC 
CAAAAACGTTTAGGGCAAAATTTGATTAGT 


4986 




GTACCAATAGGAGCTAG 


4987 




CTAGCTCCIATTGGTAC 


4988 


Male-sterile 
AG 


lAAICAAAl I 1 1 GCGCTAAACG I I I I IGGCI 1 1 GGAGCAGCAATCA 
CGGCGTACCAATCGTAGCTAGGAGGAGATTCCTCTCCCTTGAGGA 


4989 


Arabidopsis thaliana 


AATCTGGGAGAGGAAAGATCGAAATCAAAC 




Glu38Term 
GAG-TAG 


GTTTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGA 

ATCTCCTCCTAGCTACGATTGGTACGCCGTGATTGCTGCTCCAAA 

GCCAAAAACGTTTAGGGCAAAATTTGATTA 


4990 




ACCAATCGTAGCTAGGA 


4991 




TCCTAGCTACGATTGGT 


4992 


Male-sterile 
AG 

Brassica napus 


CTCTCCCAC I I C I 1 1 ICGGIGGI I IAI ICAI 1 1 GG I GACGATATCA 

CAGAAGCAATGGATTAAGGTGGGAGTAGTCACGATGCAGAGAGTA 

GCAAGAAGATAGGTAGAGGGAAGATAGAGA 


4993 


Glu3Term 
GAA-TAA 


TCTCTATCTTCCCTCTACCTATCTTCTTGCTACTCTCTGCATCGTG 
ACTACTCCCACCTTAATCCATTGCTTCTGTGATATCGTCACCAAAT 
GAATAAACCACCGAAAAGAAGTGGGAGAG 


4994 




CAATGGATTAAGGTGGG 


4995 




CCCACCTTAATCCATTG 


4996 


Male-sterile 
AG 


IAI ICAI I IGGTGACGATATCACAGAAGCAATGGATGAAGGTGGG 
AGTAGTCACGATGCATAGAGTAGCAAGAAGATAGGTAGAGGGAAG 


4997 


Brassica napus 


ATAGAGATAAAGAGGATAGAGAACACAACAA 




Glu11Term 
GAG-TAG 


TTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCTCTACCTATC 
TTCTTGCTACTCTATGCATCGTGACTACTCCCACCTTCATCCATTG 
CTTCTGTGATATCGTCACCAAATGAATA 


4998 




ACGATGCATAGAGTAGC 


4999 




GCTACTCTATGCATCGT 


5000 


Male-sterile 
AG 

Brassica napus 


GGTGACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCA 

CGATGCAGAGAGTAGCTAGAAGATAGGTAGAGGGAAGATAGAGAT 

AAAGAGGATAGAGAACACAACAAATCGTCAAG 


5001 


Lys14Term 
AAG-TAG 


CTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCT 
CTACCTATCTTCTAGCTACTCTCTGCATCGTGACTACTCCCACCTT 
CATCCATTGCTTCTGTGATATCGTCACC 


5002 




AGAGTAGCIAGAAGATA 


5003 




TATCTTCTAGCTACTCT 


5004 



r 
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Phenotype, Gene, 


Altering Oligos 
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• i 


SEQID 


1 


Plant & Targeted 
Alteration 


NO: 




Male-sterile 
AG 

Brassica napus 
Lys15Term ! 
AAG-TAG 


GACGATATCACAGAAGCAA 1 bUA 1 VjAAvjU I bboAo i fto i v^Aovjn i 
GCAGAGAGTAGCAAGTAGATAGGTAGAGGGAAGATAGAGATAAAG 

AGGATAGAGAACACAACAAATCGTCAAGTAA 


5005 


5 


TTACTTGACGATTTGTTGTGTTCTCTATCGTOI IIAIOIWAlOiio 
CCTCTACCTATCTACTTGCTACTCTCTGCATCGTGACTACTCCCAC 

CTTCATCCATTGCTTCTGTGATATCGTC 


ouuo 






GTAGCAAGTAGATAGGT 


OUU/ 






A PPT ATPT A PTTfiPT AP 


5008 




Male-sterile i 
AG 

Lycopersicon 
esculentum 
Glu4Term 
CAA-TAA 


CAACCAAAAAACTTAAAAATCTTCTC 1 1 ICCI 1 ICCI IACAAGGTGA 
AGTAATGGACTTCTAAAGTGATCTAACCAGAGAGATCTCACCACAA 

AGGAAACTAGGAAGGGGGAAAATTGAGA 


5009 


10 


TCTCMTTTTCCCCCTTCCTAGTTTCCTTTGTGGTGAGATCTCTCT 
GGTTAGATCACTTTAGAAGTCCATTACTTCACCTTGTAAGGAAAGG 
AAAGAGAAGAI 1 1 1 IAAGI 1 1 1 1 IGGTTG 


5010 




TGGACTTCTAAAGTGAT 


5011 






ATCACTTTAGAAGTCCA 


5012 




iviaie-sicnie 
AG 

Lycopersicon 
esculentum 
Arg9Term 
AGA-TGA 


AAAATCTTCTCTTTCGTT1CCTTACAAGGTGAAGTAATGGACTTCJU 
AAAGTGATCTAACCIGAGAGATCTCACCACAAAGGAAACTAGGAA 
GGGGGAAAATTGAGATCAAAAGGATCGAAA 


5013 


15 


TTTCGATCCTTTTGATCTCAATTTTCCCCCTTCCTAG 1 I iCCl I iusi 
GGTGAGATCTCTCAGGTTAGATCACTTTGGAAGTCCATTACTTCAC 
CTTGTAAGGAAAGGAAAGAGAAGAI III 


5014 




ATCTAACCTGAGAGATC 


5015 






GATCTCTCAGGTTAGAT 


5016 


20 


Male-sterile 
AG 

Lycopersicon 
esculentum 
GlulOTerm 
GAG-TAG 


ATCTTCTCTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAA 

GTGATCTAACCAGATAGATCTCACCACAAAGGAAACTAGGAAGGG 

GGAAAATTGAGATCAAAAGGATCGAAAACA 


5017 


TGTTTTCGATCCTTTTGATCTCMTTTTCCCCCTTCG 1 A(5 1 1 IUUI 1 
TGTGGTGAGATCTATCTGGTTAGATCACTTTGGAAGTCCATTACTT 

CACCTTGTAAGGAAAGGAAAGAGAAGAT 


5018 




TAACCAGATAGATCTCA 


5019 






TGAGATCTATCTGGTTA 


5020 


25 


Male-sterile 
AG 

Lycopersicon 
esculentum 
Ser12Term 
TCA-TGA 


CTTICCI 1 ICCTTACAAGGTGAAGTAATGGACTTCCAAAGTGATCT 

AACCAGAGAGATCTGACCACAAAGGAAACTAGGAAGGGGGAAAAT 

TGAGATCAAAAGGATCGAAAACACGACGAA 


5021 




TTCGTCGTGTTTTCGATCCTTTTGATCTCMTTTTCCCCCTTCCTA 

GTTTCCTTTGTGGTCAGATCTCTCTGGTTAGATCACTTTGGAAGTC 

CATTACTTCACCTTGTAAGGAAAGGAAAG 


5022 




AGAGATCTGACCACAAA 


5023 
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" 1 ■ 


• 

SEQ ID 


Phenotype, Gene, 


Altering Qligos . % • - 

l Pill 


: Plant & Targeted I 
Alteration 


NO* 




TTTGTGGTCAGATCTCT 


5024 


Male-sterile 
NAG1 

Nicotiana tabacum 


GTACTCTCTA 1 1 1 1 CA I C 1 1 CCAACCC I I I C 1 1 I CC 1 1 ACCAGGTGA 
AAGTATGGACTTCTAAAGTGATCTAACAAGAGAGATCTCTCCACAA 
AGGAAACTGGGAAGAGGAAAGATTGAGA 


5025 


Gln4Term 
CAA-TAA 


TCTCAATCTTTCCTCTTCCCAGTTTCCTTTGTGGAGAGATCTCTCT 

TGTTAGATCACTTTAGAAGTCCATACTTTCACCTGGTAAGGAAAGA 

AAGGGTTGGAAGATGAAAATAGAGAGTAC 


5026 




TGGACTTCTAAAGTGAT 


5027 




ATCACTTTAGAAGTCCA 


5028 


Male-sterile 
NAG1 

Nicotiana tabacum 


ATCTTCCAACCCTTTCTTTCCTTACCAGGTGAAAGTATGGACTTCC 
AAAGTGATCTAACATGAGAGATCTCTCCACAAAGGAAACTGGGAA 
GAGGAAAGATTGAGATCAAACGGATCGAAA 


5029 


Arg9Term 
AGA-TGA 


TTTCGATCCG I TTGAI C I CAA 1 C 1 1 1 CGI CI ICCCAGI 1 ICC'ITTGT 
GGAGAGATCTCTCATGTTAGATCACTTTGGAAGTCCATACTTTCAC 
CTGGTAAGGAAAGAAAGGGTTGGAAGAT 


5030 




ATCTAACATGAGAGATC 


5031 




GATCTCTCATGTTAGAT 


5032 


Male-sterile 
NAG1 

Nicotiana tabacum 


TTCCAACCCTTTCTTTCCTTACCAGGTGAAAGTATGGACTTCCAAA 
GTGATCTAACAAGATAGATCTCTCCACAAAGGAAACTGGGAAGAG 
GAAAGATTGAGATCAAACGGATCGAAAACA 


5033 


GiulOTerm 
GAG-TAG 


TGI 1 1 ICGATCCGI 1 1 GATCTCAATC 1 1 1 CCTCTTCCCAGTTTCCTT 
TGTGGAGAGATCTATCTTGTTAGATCAC 1 1 1 GGAAGTCCATACTTT 
CACCTGGTAAGGAAAGAAAGGGTTGGAA 


5034 




TAACAAGATAGATCTCT 


5035 




AGAGATCTATCTTGTTA 


5036 


Male-sterile 
NAG1 

Nicotiana tabacum 


CTTTCCTTACCAGGTGAAAGTATGGACTTCCAAAGTGATCTAACAA 
GAGAGATCTCTCCATAAAGGAAACTGGGAAGAGGAAAGATTGAGA 
TCAAACGGATCGAAAACACAACGAATCGTC 


5037 


Gln14Term 
CAA-TAA 


GACGAI ICGI IGIGI 1 1 ICGAICCGI 1 IGAICICAAICI 1 ICCTCI 

TCCCAGTTTCCTTTATGGAGAGATCTCTCTTGTTAGATCACTTTGG 

AAGTCCATACTTTCACCTGGTAAGGAAAG 


5038 




TCTCTCCATAAAGGAAA 


5039 




TTTCCTTTATGGAGAGA 


5040 


Male-sterile 
AG 

Rosa hybrida 


GCCTATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAA 
AGAAGATTGGGAAGGIGAAAGATCGAGATCAAGCGGATCGAAAAC 
ACCACCAATCGTCAAGTCACCTTCTGCAAAA 


5041 


Gly22Term 
GGA-TGA 


1 1 1 1 GCAGAAGG 1 GAC 1 1 GACGATTGGTGGTGTTTTCGATCCGCT 
TGATCTCGATCTTTCACCTTCCCAATCTTCTTTGGGCATCAGCGTC 
CAGGACCGTGTTGGGTTTG 1 1 1 ICATAGGC 


5042 




TGGGAAGGTGAAAGATC 


5043 




GATCTTTCACCTTCCCA 


5044 



WO 01/92512 



-85- 



PCT/US01/17672 



Phenotype, Gene, 


mm ■ ■ • 

Altering Olsgos 


SEQ ID 


Plant & Targeted 
Alteration 1 


NO; 




Male-sterile T 
AG P 
Rosa hybrida C 


"ATGAAAACAAACCUAACAUUU 1 UU 1 UUAUUU l bA I uuuoammvjm 

<GATTGGGAAGGGGATAGATCGAGATCAAGCGGATCGAAAACAC 

iACCAATCGTCAAGTCACCTTCTGCAAAAGGC 


JU*tJ 


Lys23Term ( 
AAG-TAG ( 

C 


^r^r* iiii POA^A A/^/^T/^ ArHTY^AP/^ATTfif^TY^f^Tf^ I Tl 1 ( "".f 4A 1 

5CTTGATCTCGATCTATCCCCTTCCCAATCTTCTTTGGGCATCAGC 
3TCCAGGACCGTGTTGGGTTTGI 1 1 ICATA 


5046 1 


( 


sAAGGGGATAGAI UoAb 


5047 


i ^ 


/TCGATCTATCCOO 1 ILr 


5048 


Male-sterile / 
AG ( 
Rosa /jybrida ( 


lAPAAAPPPAAPAPnfTTPPTGGACGCTGATGCCCAAAGAAGAi \ u 

3gaaggggaaagatctagatcaagcggatcgaaaacaccaccaat 
:gtcaagtcaccttctgcaaaaggcgcaatg 


5049 


Glu25Term ( 
GAG-TAG ( 


^ATTGCGOO 1 1 1 1 (^UAoAAoo 1 oAU 1 1 oAUom i i i oo i o i i i i 

:gatccgcttgatctagatctttccccttcccaatcttctttgggc 
mcagcgtccaggaccgtgttgggtttgtt 


5050 


i 


oAAAGATCTAGATCAAG 


5051 


i 


3TTGATCTAGATC 1 1 1 0 


5052 


Male-sterile 
AG 

Rosa hybrida 


npp a APAPftfiTPPTftftAOGCTGATGCCCAAAGAAUAl 1 GGGAAG 

GGGAAAGATCGAGATCIAGCGGATCGAAAACACCACCAATCGTCA 

AGTCACCTTCTGCAAAAGGCGCAATGGTTTGC 


5053 


Lys27 
AAG-TAG 


r*r*A a a^att^p^PI 1 1 1 PPAPA Af2/nY^APTTPiAPr^A1 TftftTftfi 

3CAAACCAI T GLrGUU 1 1 1 1 bUAbAAbb I oALr I iwooni looioo 
TGTTTTCGATCCGCTAGATCTCGATCTTTCCCCTTCCCAATCTTCT 

TTGGGCATCAGCGTCCAGGACCGTGTTGGG 


5054 i 




TCGAGATCTAGCGGATo 


5055 




GATCCGCTAGATCTCGA 


5056 


Male-sterne 
far 

Antirrhinum majus 


r AATTnrrTnTTTTTA'l 1 I 1 1 ITTC 1 1 1 II GACTAAGTAGAAATGGC 

GTCTCTAAGCGATTAATCGACCGAGGTATCGCCCGAGAGGAAAAT 

CGGGAGAGGAAAGATCGAGATCAAACGGA 


5057 


Gln7Term 
CAA-TAA 


T A/\Ai 1 i/^ ATr^TPP ATrH"TTPPTPTPPPfS ATTTTPPTPTPfnfnfiCGA 

TCCGTTT oA 1 L» 1 0 w\ 1 U 1 1 1 1 0 1 UUUoA i u i i o i oovjo^un 
TACCTCGGTCGATTAATCGCTTAGAGACGCCATTTCTACTTAGTCA 

AAAAGAAAAAAAATAAAAACAGGCAATTG 


5058 




TA AAr>PATTA AT/^r^APf 

TAAGCGATTAATCGAUL 


5059 




GGTCGATTAATCGCTI A 


5060 


Maie-sxenie 
far 

Antirrhinum majus 

GlulOTerm 

GAG-TAG 


'fil II 1 IA1 1 1 1 1 1 1 ICT1 1 1 1 GAC 1 AAGTAGAAATGGCGTCTCTAAG 
CGATCAATCGACCIAGGTATCGCCCGAGAGGAAAATCGGGAGAG 
GAAAGATCGAGATCAAACGGATCGAAAACA 


5061 


TGTTTTCGATCCGTTTGATCTCGATCTTTCCTCTCCCGAl 1 1 lUUi 

CTCGGGCGATACCTAGGTCGATTGATCGCTTAGAGACGCCATTTC 

TACTTAGTCAAAAAGAAAAAAAATAAAAAC 


5062 




AATCGACCTAGGTATCG 


5063 




CGATACCTAGGTCGATT 


5064 



WO 01/92512 



-86- 



PCT/US01/17672 



Phenotype, Gene, 
V Plant & Targeted 
Alteration 

















ill 












Altering Oifgos 




: : : : : : : : : : : : : >: : ; : : 











SEQiD 

HO: 



Male-sterile 
far 

Antirrhinum majus 

Glu14Term 

GAG-TAG 



TTTCTTTTTGACTAAGTAGAAATGGCGTCTCTAAGCGATCAATCGA 
CCGAGGTATCGCCCTAGAGGAAAATCGGGAGAGGAAAGATCGAG 
ATCAAACGGATCGAAAACAAAACAAATCAAC 



5065 



GTTGATTTGTTTTGT" 
CCGA1 



TCGATCCGTTTGATCTCGATCTTTCCTCTC 



5066 



TTCCTCTAGGGCGATACCTCGGTCGATTGATCGCTTAGA 
GACGCCATTTCTACTTAGTCAAAAAGAAA 



TATCGCCCTAGAGGAAA 



5067 



TTTCCTCTAGGGCGATA 



5068 



Male-sterile 
far 

Antirrhinum majus 

Lys16Term 

AAA-TAA 



TTTGACTAAGTAGAAATGGCGTCTCTAAGCGATCAATCGACCGAG 
GTATCGCCCGAGAGGIAAATCGGGAGAGGAAAGATCGAGATCAA 
ACGGATCGAAAACAAAACAAATCAACAGGTTA 



"506T 



TMCCTGTTGATTTGTTTTGTTTTCGATCCGTTTGATCTCGATCTTT 
CCTCTCCCGATTTACCTCTCGGGCGATACCTCGGTCGATTGATCG 
CTTAGAGACGCCATTTCTACTTAGTCAAA 



5070 



CCGAGAGGTAAATCGGG 



5071 



CCCGATTTACCTCTCGG 



5072 



Male-sterile 
AG 

Cucumis sativus 

Leu21Term 

TTG-TAG 



TGTCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGA 
AGGAAAGGGTAAGTAGCAAATAAAGGGGATGTTCCAGAATCAAGA 
AGAGAAGATGTCAGACTCGCCTCAGAGGAA 



5073 



TTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAACA 

TCCCCTTTATTTGCIACTTACCCTTTCCTTCTTCCTTAATCATTCTT 

GTGAGTGGTGACTGATAATGCTTGGACA 



5074 



GGGTAAGTAGCAAATAA 



5075 



TTATTTGCTACTTACCC 



5076 



Male-sterile 
AG 

Cucumis sativus 

Gln22Term 

CAA-TAA 



TCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAG 

GAAAGGGTAAGTTGTAAATAAAGGGGATGTTCCAGAATCAAGAAG 

AGAAGATGTCAGACTCGCCTCAGAGGAAGA 



5077 



TCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAA 
CATCCCCTTTATTTACMCTTACCCTTTCCTTCTTCCTTAATCATTC 
TTGTGAGTGGTGACTGATAATGCTTGGA 



5078 



GTAAGTTGTAAATAAAG 



5079 



CTTTATTTACAACTTAC 



5080 



Male-sterile 
AG 

Cucumis sativus 

Lys24Term 

AAG-TAG 



CATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAGGAAAG 
GGTAAGTTGCAAATAIAGGGGATGTTCCAGAATCAAGAAGAGAAG 
ATGTCAGACTCGCCTCAGAGGAAGATGGGAA 



5081 



TTCCCATCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATT 
CTGGMCATCCCCTATATTTGCMCTTACCCTTTCCTTCTTCCTTA 
ATCATTCTTGTGAGTGGTGACTGATAATG 



5082 



TGCAAATATAGGGGATG 



5083 



CATCCCCTATATTTGCA 



5084 



WO 01/92512 



-87- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 


Aitenng Oligos 


:;;;:x:;:;X::>x*: : : : : : :<;:;: : Xx::l 

SEQID 

NO: 


■_ ; ■ Alteration .:-|. 

lvldlc~o lei lie 

AG 

Cucumis sativus 


CCACTCACAAGAAiGATTAAGGAAGAAGGAAAGGGTAAGI IUUAA 
ATAAAGGGGATGTTCTAGAATCAAGAAGAGAAGATGTCAGACTCG 
CCTCAGAGGAAGATGGGAAGAGGAAAGATTG 


I 5085 


Gln28Term 
CAG-TAG 


rAATPTTTrrTCTTCCCATCTTCCTCTGAGGCGAGTCTGACATCTT 
CTCTTCTTGATTCTAGMCATCCCCTTTATTTGCAACTTACCCTTTC 
CTTCTTCCTTAATCATTCTTGTGAGTGG 


5086 




riri LTCiTTn Aft a atc AA 

VjoM I w I l w I nOnn I Lfnn 


5087 1 




TTftATTPTAftAACATCC 


5088 1 


iviaie-sienic 
AG 

Zea mays 

CyslOTerm 

TGC-TGA 


CCACCACCACCACCACCACCACCACCACACCATGCTCAACA 1 UA l 
GACTGATCTGAGCTGAGGGCCGTCGTCCAAGGTCAAGGAGCAGG 
TGGCGGCGGCGCCGACGGGCTCCGGCGACAGG 


5089 


rrTnTrRrOGGAGCCCGTCGGCGCCGCCGCCACCTGCTCCTTG 

ACCTTGGACGACGGCCCTCAGCTCAGATCAGTCATCATGTTGAGC 

ATGGTGTGGTGGTGGTGGTGGTGGTGGTGGTGG 


5090 




PTY^A^PTftAftfiGCCGTC 


5091 




r^APf^pppTPAPPTPAG 


5092 | 


Male-sterile 
AG 

Zea mays 

Ser13Term 

TCG-TAG 


AnnAPPAPPAPPAPPAPPAPAnnATGCTCMCATGATGACTGATC 
TGAGCTGCGGGCCGTAGTCCAAGGTCAAGGAGCAGGTGGCGGC 
GGCGCCGACGGGCTCCGGCGACAGGCAGGGGCA 


5093 


TnrrrrTGrrTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCT 

1 ^JV^VwW 1 Uvv I w 1 W W W W V,«» V-^/»>*- , >-' W W>— » 1 WWW v w —r — 

GCTCCTTGACCTTGGACTACGGCCCGCAGCTCAGATCAGTCATC/ 
TRTTGAGCATGGTGTGGTGGTGGTGGTGGTGGT 


5094 




pr^r^pppTAfrrPPAAfiG 


5095 




PPTTf^APTAPPPPPPfi 


5096 ! 


iviaie-sici iic 
AG 

Zea mays 

Lys15Term 

AAG-TAG 


CACCACCACCACCACACCATGCTCAACATGATGACTGATCTGAGC 
TGCGGGCCGTCGTCCTAGGTCAAGGAGCAGGTGGCGGCGGCGC 
CGACGGGCTCCGGCGACAGGCAGGGGCAGGGGA 


: 5097 


TrrrrTfirrrrTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGC 

| WWWW 1 WWW WW 1 WWW 1 W 1 WWWWWW/ IV. /www w » ^ 

CACCTGCTCCTTGACCTAGGACGACGGCCCGCAGCTCAGATCAC 
TCATCATGTTGAGCATGGTGTGGTGGTGGTGGTG 


: 5098 




priTPr^TPPTAPnTPAAtt 

ww 1 ww 1 ww 1 nOO 1 vnnU 


5099 




PTTY^APPTAftftAPGACG 


5100 


Male-sterile 
AG 

Zea mays 

Lys17Term 

AAG-TAG 


CACCACCACACCATGCTCAACATGATGAUl GATCTGAGC 1 GUliU 
CCGTCGTCCAAGGTCTAGGAGCAGGTGGCGGCGGCGCCGACGC 
GCTCCGGCGACAGGCAGGGGCAGGGGAGAGGCA 


G 5101 

^ I 


TGCCTCTCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGC 
CGCCGCCACCTGCTCCTAGACCTTGGACGACGGCCCGCAGCTC 
GATCAGTCATCATGTTGAGCATGGTGTGGTGGTG 


: 5102 ( 
A I 




CCAAGGTCTAGGAGCAG 


5103 




CTGCTCCTAGACCTTGG 


5104 | 



WO 01/92512 



-88- 
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: Pfrenotype, Gene, ■ 




NO: 


■ Plant & Targeted 
Alteration 


Altering Oligos 






Male-sterile 
AG 


TCCTACC llll CTCCTTCAGACCTCAAAATCTGTGTGATAGGAACA 
AGAGCATGCACATCTGAGAAGAGGAGGCTACACCATCCACAGTAA 


r4Ar 

5105 


Zea mays 


AN A AN AN an A ~T"/"N A T/NT/^A A AANATO A /*V l~l 'AN /*N A*N /*\ /*N 

CAGGCATCATGTCGACCCTGACTTCGGCGG 




Arg4Term 
CGA-TGA 


AN AN AN AN AN AN a A ANT" AN A AN A*N ANT - /*\ A AN A ■"»"■ AN A T" AN AN A~NT" a"N I | A AT ANT" AN A"N A T" AN ANT~ 

CCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGATGGT 
GTAGCCTCCTCTTCTCAGATGTGCATGCTCTTGTTCCTATCACACA 
GAI 1 1 1 GAGGTCTGAAGGAGAAAAGGTAGGA 


WA f\f* 

5106 




A /N A *r/\>^/\ A X A A A"N A /\ 

TGCACATCTGAGAAGAG 


5107 




■ A>"T~ /> A AN A >r A\T^/\ A 

CTCTTCTCAGATGTGCA 


5108 


Male-sterile 
AG 


TACCTTTTCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGA 
GCATGCACATCCGATAAGAGGAGGCTACACCATCCACAGTAACAG 


5109 


Zea mays 


GCATCATGTCGACCCTGACTTCGGCGGGGC 




Glu5Term 

/— N A A *T* A A 

GAA-TAA 


GCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGAT 

A"N A"NT* A*NT" A A"N AN /"Vl" /\ AN^T" /\ 1 f A TAN AN AN A T/N*r AN AN A *T*/>/NTAN 1 I AN 1 1 A"N AN^T" A T/N A 

GGTGTAGCCTCCTCTTATCGGATGTGCATGCTCTTGTTCCTATCA 
CACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAGGTA 


5110 




ACATCCGATAAGAGGAG 


5111 




CTCCTCTTATCGGATGT 


5112 


Male-sterile 
AG 

Zea mays 


AN llll rN*T" AN A'N' 1 1 1 AN A A A"N/"N^/"\ A A A A TATAT/>T/^ A *T* A A~N /""N A A A A A /""*/*\ A 

CTTTTCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCA 

— f— AN AN A AN A T" AN AN AN A AN A A T* A AN AN A AN AN ANT" A AN A AN AN A T* AN AN A AN A ANT* A A A\ A AN AN AN A 

TGCACATCCGAGAATAGGAGGCTACACCATCCACAGTAACAGGCA 
TCATGTCGACCCTGACTTCGGCGGGGCAGC 


CA A O 

5113 


Glu6Term 


AN A\-r AN AN AN AN AN AN AN AN AN A A ANT- AN A AN AN ANT" AN AN A AN A T" AN A T" AN AN A\T AN f 1 A ANT" ANT" AN 

GCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTG 


I— j a A 

5114 


GAG-TAG 


GATGGTGTAGCCTCCTATTCTCGGATGTGCATGCTCTTGTTCCTA 
TCACACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAG 






TCCGAGAATAGGAGGCT 


i— a A r* 

5115 




AGCCTCCTATTCTCGGA 


5116 


Male-stenle 


TTCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCATGC 


C-l A 1 

5117 


AG 

Zea mays 


ACATCCGAGAAGAGTAGGCTACACCATCCACAGTAACAGGCATCA 

"""*A"N"""**"N A*N A AN A"X A"\"""" AN A AN 1 1 AN AN AN AN AN AN AN AN AN A ANA A AN A 

TGTCGACCCTGACTTCGGCGGGGCAGCAGA 




GluTTerm 
GAG-TAG 


T"ANT" AN ANT" AN AN AN AN AN AN AN AN AN A A ANT" AN A AN AN ANT AA\ A AN A T" AN A T" AN AN ANT* ATT A ANT" 

TCTGCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACT 
GTGGATGGTGTAGCCTACTCTTCTCGGATGTGCATGCTCTTGTTC 
CTATCACACAGAI i 1 1 GAGGTCTGAAGGAGAA 


5118 I 




GAGAAGAGTAGGCTACA 


5119 




TGTAGCCTACTCTTCTC 


5120 


Male-sterile 
AG 


GCTGGGTCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGC 
GAGAAGATGGGGAGGGGGTAGATCGAGATAAAGCGGATCGAGAA 


5121 


Oryza sativa 


CACGACGAACCGGCAGGTGACCTTCTGCAAGCGCC 




Lys5Term 
AAG-TAG 


GGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTCTCGATC 
CGCTTTATCTCGATCTACCCCCTCCCCATCTTCTCGCTGCTCCCC 
GCCGCCACCGCCGCCGACGATCCTGACCCAGC 


5122 




GGAGGGGGTAGATCGAG 


5123 




CTCGATCTACCCCCTCC 


5124 



WO 01/92512 
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Phenotype, Gene, 


y:<<yyyy-y-y^ 
yy::yyyyy'::mMWyWm 


SEQID 

NO; 


Plant & Targeted 
Alteration 


Altering Ohgos 

• 


Male-sterile 
AG 

Oryza sativa 

Glu7Term 

GAG-TAG 


TCAGGATCGTCGGCbbUbb I boUbbUbboonbUMoUoMomon 
TGGGGAGGGGGAAGATCTAGATAAAGCGGATCGAGAACACGACG 
AACCGGCAGGTGACCTTCTGCAAGCGCCGCAATG 


5125 


OA 1 1 13000000 1 1 oOAoAMOO 1 ijnliu 1 Oww i i i iwi i« 

TCGATCCGCTTTATCTAGATCTTCCCCCTCCCCATCTTCTCGCTG 
CTCCCCGCCGCCACCGCCGCCGACGATCCTGA 


5126 




GbAAbA 1 UlAbA 1 AAAb 


5127 




CTTTAT(/I AbA 1 b 1 Ibb 


5128 


Male-steme 
AG 

0/yza sativa 

Lys9Term 

AAG-TAG 


TrnTrnnrnnrfiRTRGCGGCGGGGAGCAGCGAGAAGATGGGG 

AGGGGGAAGATCGAGATATAGCGGATCGAGAACACGACGAACCG 

GCAGGTGACCTTCTGCAAGCGCCGCAATGGCCTCC 


5129 


bbAbbbOA 1 1 bUobobU 1 1 bUnOnnUO 1 UnUU I ooovjvj 1 i wvj i v-r 

GTGTTCTCGATCCGCTATATCTCGATCTTCCCCCTCCCCATCTTCT 
CGCTGCTCCCCGCCGCCACCGCCGCCGACGA 


5130 




"rr\f\ A ATATAr*P/^P AT"/*** 

TCbAbA 1 AXAbbbbA 1 o 


5131 




GATCCGCTATA 1 U 1 UbA 


5132 


Ivldlc-blcl lie 

AG 

Oryza sativa 

Giu12Term 

GAG-TAG 


GCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGGAGGGGGAAG 
ATCGAGATAAAGCGGATCTAGAACACGACGAACCGGCAGGTGAC 
CTTCTGCAAGCGCCGCAATGGCCTCCTGAAGAAGG 


5133 


CCTTCTTCAGGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGC 
CGGTTCGTCGTGTTCTAGATCCGCTTTATCTCGATCTTCCCCCTC 
CCCATCTTCTCGCTGCTCCCCGCCGCCACCGC 


5134 




AGCGGATCTAGAACACG 


5135 




CGTGTTCTAGATCCGCT 


5136 



Table 16 

Oligonucleotides to produce male-sterile plants 



phenotype, Gene, 
Plant & Targeted 
Alteration 


Altering Oligos 


SIQID 
HQ: 


Male-sterile <. 
PI f 
Cucumis sativus C 


SiSGAAGAGGGAAAA 1 AGAAA 1 AAAAAGAA 1 AGAGAAO I caauoaa i 
^GACAAGTTACATAGTCAAAGAGAAGAAATGGTATCATCAAAAAAG 

ICAAAGAAATTACTGTTCTTTGCGATGCT 


5137 


Tyr21Term / 
TAT-TAG 1 

1 


^GCATCGCAMGMCAGTMTTTCTTTGGCTTTTTTGATGATACCAT 
TCTTCTCTTTGACTATGTMCTTGTCTATTGCTTGAGTTCTCTATTG 
TTTTATTTCTATTTTCCCTCTTCCC 


5138 



WO 01/92512 



-90- 
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: Phenotype, Gme % : 
Plant & Targeted 
- Alteration 


Altering Oligos 


SEQID 

llllSII 




GTTACATAGTCAAAGAG 


5139 


CTCTTTGACTATGTAAC 


5140 


lvldJc-blfcM lie 

PI 

Cucumis sativus 

Ser22Term 

TCA-TGA 


ACAAGTTACATATTGAAAGAGAAGAAATGGTATCATCAAAAAAGCC 
AAAGAAATTACTGTTCTTTGCGATGCTCA 


5141 


TGAGCATCGCAAAGAACAGTAATTTC 1 1 IGGCI 1 1 1 1 IGAIGAIACC 
ATTTCTTCTCTTTCAATATGTAACTTGTCTATTGCTTGAGTTCTCTAT 
TCI 1 1 1 IAI 1 ICIAI 1 1 ICCCTCTTC 


5142 


TACATATTGAAAGAGAA 


5143 


TTPTPTTTrAATATftTA 

1 lulUI 1 1 Unn InlOln 


5144 


Male-sterile 

IVIUlw Okwl 1 1 w 

PI 

Cucumis sativus 

Lys23Term 

AAG-TAG 


AGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGAC 
AAGTTACATATTCATAGAGAAGAAATGGTATCATCAAAAAAGCCAAA 
GAAATTACTGTTCTTTGCGATGCTCAAG 


5145 


CTTGAGCATCGCAMGMCAGTMTTTCTTrGGCTTTTTTGATGATA 
CCATTTCTTCTCTATGAATATGTAACTTGTCTATTGCTTGAGTTCTC 
TATTCI 1 1 1 IAI 1 ICIAI 1 1 ICCCTCT 


5146 


CATATTCAIAGAGAAGA 


5147 


TCTTCTCTATGAATATG 


5148 


Male-sterile 
PI 

Cucumis sativus 

Arg24Term 

AGA-TGA 


GGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGACAAG 
TTACATATTCAAAGTGAAGAAATGGTATCATCAAAAAAGCCAAAGAA 
ATTACTGTTCTTTGCGATGCTCAAGTTT 


5149 


AAArTTGAGnATnGnAAAGAAGAGTAATTTCTTTGGCI 1 1 1 1 IGATG 
ATACCATTTCTTCACTTTGMTATGTMCTTGTCTATTGCTTGAGTT 
CTCTATTCI 1 1 1 IAI 1 ICIAI 1 1 ICCC 


5150 


ATTPAAAftTCAAfiAAAT 


5151 


ATTTPTTP A PTTTRAAT 


5152 


Male-sterile 

PI 

Ma/as domestica 

Tyr21Term 

TAC-TAG 


GGGACGTGGGAAGGTTGAGATCAAGAGGATTGAGAACTCAAGTAA 
CAGGCAGGTGACCTAGTCCAAGAGGAGGAATGGGATTATCAAGAA 
GGCAAAGGAGATCACTGTTCTATGTGATGCT 


5153 


AGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATCCCA 
TTCCTCCTCTTGGACTAGGTCACCTGCCTGTTACTTGAGTTCTCAA 
TCCTCTTGATCTCAACCTTCCCACGTCCC 


5154 


GTGACCTAGTCCAAGAG 


5155 


CTCTTGGACTAGGTCAC 


5156 



WO 01/92512 
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PCT/US01/17672 



i 


Phenotype, Gene, 
Plant & Targeted 
Alteration 


Altering Ougos ; ; 


SI© ID 


i 


WIp|p-<tfprile C 

PI c 
Malus domestica Z 5 


:gtgggmggttgagatcaagaggattgagaactcaagtaacagg 
;aggtgacctactcctagaggaggaatgggattatcaagaaggca 
^aggagatcactgttctatgtgatgctaaag 


5157 


5 


vs23Term C 
AAG-TAG C 

C 


:tttagcatcacatagaacagtgatctcctttgccttcttgataatc 
:cattcctcctctaggagtaggtcacctgcctgttacttgagttct 
)aatcctcttgatctcaaccttcccacg 


5158 




c 


XTACTCCIAGAGGAGG 


5159 




( 


XTTCCTCTAGGAGTAGG 


5160 




Male-sterile t 

PI t 

Malus domestica t 


\GGATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGG 
\GGAATGGGATTATCIAGAAGGCAAAGGAGATCACTGTTCTATGTG 
\TGCTAAAGTATCTCTTATCATTTATTCTA 


5161 


10 


-ys30Term 
AAG-TAG 

( 


rAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGTGATC 

rCCTTTGCCTTCTAGATAATCCCATTCCTCCTCTTGGAGTAGGTCA 

XTGCCTGTTACTTGAGTTCTCMTCCT 


5162 




< 


3GATTATCIAGAAGGCA 


5163 






rGCCTTCTAGATAATCC 


5164 




Male-sterile 
PI 

Malus domestica 


MTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGGAGG 
AATGGGATTATCAAGTAGGCAAAGGAGATCACTGTTCTATGTGATG 
CTAAAGTATCTCTTATCATTTATTCTAGCT 


5165 


15 


Lys31Term 
AAG-TAG 


AGCTAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGT 
GATCTCCTTTGCCTACTTGATAATCCCATTCCTCCTCTTGGAGTAG 
GTCACCTGCCTGTTACTTGAGTTCTCAAT 


5166 






TTATCAAGIAGGCAAAG 


5167 






CTTTGCCTACTTGATAA 


5168 




Male-sterile 
globosa 

Antirrhinum majus 
Gly2Term 


CAI 1 1 1 IACAATAGT1 A 1 C 1 GCAAACAAAAACAagagagaaaaauaa 
AAACAAAAAAATGIGAAGAGGAAAAATTGAGATCAAAAGAATTGAG 
AACTCAAGCAACAGGCAGGTTACTTACT 


5169 




AGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCl 1 1 iGATCTCA 


5170 


20 


GGA-TGA 


ATTTTTCCTCTTCACATTTTTTTGTTTTTGTTTT^ 
TTTGCAGATAACTATTGTAAAAATG 








AAAAAATGTGAAGAGGA 


5171 






TCCTCI ICACAI 1 1 1 1 1 


5172 




Male-sterile 
globosa 

Antirrhinum majus 

Arg3Term 

AGA-TGA 


TTTTACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAA 
CAAAAAAATGGGATGAGGAAAAATTGAGATCAAAAGAATTGAGAAC 
TCAAGCAACAGGCAGGTTACTTACTCAA 


5173 


25 


TTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCl I I iCiATC 

TCMTTTTTCCTCATCCCATTTTTT^ 

TTTGTTTGCAGATAACTATTGTAAAA 


5174 



WO 01/92512 
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: Ptienotype^ Gerte ? 




SEQID; 


\ Plant & Targeted 


Altering Otigos 


NO: 


Alteration 








AAATGGGATGAGGAAAA 


5175 




1 1 1 ICCICAICCCAI 1 1 

1111 1 » 1 w# V*» # % 1 If 


5176 


Male-sterile 
globosa 

Antirrhinum majus 


TACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAA 

AAAAATGGGAAGATGAAAAATTGAGATCAAAAGAATTGAGAACTCA 

AGCAACAGGCAGGTTACTTACTCAAAGA 


5177 


Gly4Term 
GGA-TGA 


ICI 1 IGAGIAAGIAACCIGCCIGI IGCI IGAGI ICICAAI ICI 1 1 IG 
ATCTCAAI 1 1 1 ICAICI ICCCAI 1 1 1 1 1 IGI 1 1 1 IGI 1 II ICTCTCTT 
GTTTTTGTTTGCAGATAACTATTGTA 


5178 




TGGGAAGAIGAAAAATT 


5179 




AAI 1 1 1 ICAICI ICCCA 


5180 


Male-sterile 
globosa 

Antirrhinum majus 


AATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAAAAA 
AATGGGAAGAGGATAAATTGAGATCAAAAGAATTGAGAACTCAAGC 
AACAGGCAGGTTACTTACTCAAAGAGAA 


5181 


Lvs5Term 

k— T ww * wl 111 

AAA-TAA 


TTCTCTTTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTT 
TTGATCTCAATTTATCCTCTTCCCA 1 1 1 1 1 1 IGI 1 1 1 1 GTTTTTCTCT 
CTTGI 1 1 1 1 GTTTGCAGATAACTATT 


5182 




GAAGAGGATAAATTGAG 


5183 




CTCAATTTATCCTCTTC 


5184 


Male-sterile 
PI 

Zea mays 


GCTGAGC I CTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGC 
AGTATGGGGCGCGGCTAGATCAAGATCAAGAGGATCGAGAACTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 


5185 


Lys5Term 
AAG-TAG 


GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 

TCTTGATCTTGATCTAGCCGCGCCCCATACTGCGTTCTCCACTCC 

CAAACAGATCCAAGGGCAGCAAGAGCTCAGC 


5186 




GGCGCGGCTAGATCAAG 


5187 




CTTGATCTAGCCGCGCC 


5188 


Male-sterile 
PI 

Zea mays 


CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5189 


Lys7Term 
AAG-TAG 


CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

CACTCCCAAACAGATCCAAGGGCAGCAAGAG 


5190 




GCAAGATCTAGATCAAG 


5191 




CTTGATCTAGATCTTGC 


5192 



WO 01/92512 
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Phenotvpe* Gene, 
Plant & Targeted 
Alteration 


Altering Oligos 


sechd] 

NO: 




Mp|p-<;tprilP C 
P! G 
Zea mays C 


TCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 

GGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 

GGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5193 


1 v<;QTprm C 
AAG-TAG T 

C 


GGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

CGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

:Am-nr.r-AAACAGATCCAAGGGCAGCAAGAG 


5194 | 


G 


5CAAGATCIAGATCAAG 


5195 | 


c 


ittgatctagatcttgc 


5196 I 


Malp-^tfirile C 

PI c 
Zea mays C 


5ATCTGTTTGGGAGTGGAGAACGCAGTATGGGGCGCGGCAAGAT 
JAAGATCAAGAGGATCTAGAACTCTACCAACCGGCAGGTGACCTT 
iTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 


5197 


oiuizienn v 
GAG-TAG ( 

( 


TTTCTTGACCAGTCCGGCCCGGCGCTTGGAGMGGTCACCTGC 
iGGTTGGTAGAGTTCTAGATCCTCTTGATCTTGATCTTGCCGCGC 
XCATACTGCGTTCTCCACTCCCAAACAGATC 


5198 


i 
f 


^AftfiATPTAGAACTCT 


5199 I 


/ 


\ftA(TTTrTAfiATCCTCT 


5200 I 


Wlalp-<5tPrilP ( 

PI 1 

Zea mays * 


3CTGAGC 1 C 1 1 GCTGCCCT 1 GAATC'I G 1 1 AGGGAGTGGAGAAUUU 
\GTATGGGGCGCGGCTAGATCGAGATCAAGAGGATCGAGAACTCT 

^CAACCGGCAGGTGACCTTCTCCAAGCGCC 


5201 


Lys5Term 
AAG-TAG 


GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 

TCTTGATCTCGATCTAGCCGCGCCCCATACTCCGTTCTCCACTCC 

CTAACAGATTCAAGGGCAGCAAGAGCTCAGC 


5202 




GGCGCGGCIAGATCGAG 


5203 | 




CTCGATCTAGCCGCGCC 


5204 | 


Male-sterile 
PI 

Zea mays 
Glu7Term 
GAG-TAG 


rTrTTGCTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATG 

GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 

CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5205 


rGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTCCGTTCTC 

nAr.Tnr.CTAACAGATTCAAGGGCAGCAAGAG 


5206 




GCAAGATCIAGATCAAG 


5207 I 




CTTGATCTAGATCTTGC 


5208 


Male-sterile 
PI 

Zea mays 
Lys9Term 
AAG-TAG 


CTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCG 

CGGCAAGATCGAGATCTAGAGGATCGAGAACTCTACCAACCGGCA 

GGTGACCTTCTCCAAGCGCCGGGCCGGACTGG 


5209 


CCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTA 
GAGTTCTCGATCCTCTAGATCTCGATCTTGCCGCGCCCCATACTC 
CGTTCTCCACTCCCTAACAGATTCAAGGGCAG 


5210 



WO 01/92512 



-94- 
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: Phenotype, Gem, 
PJant & Targeted ; 
Alteration 




NO: 


Altering OJigos 




TCGAGATCTAGAGGATC 


5211 




GATCCTCTAGATCTCGA 


5212 


Male-sterile 
PI 

Zea mays 


AATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCGCGGCAAGAT 
CGAGATCAAGAGGATCTAGAACTCTACCAACCGGCAGGTGACCTT 
CTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 


5213 


Glu12Term 
GAG-TAG 


CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
CGGTTGGTAGAGTTCTAGATCCTCTTGATCTCGATCTTGCCGCGC 
CCCATACTCCGTTCTCCACTCCCTAACAGATT 


5214 




AGAGGATCTAGAACTCT 


5215 




AGAGTTCTAGATCCTCT 


5216 


Male-sterile 
PI 

Oryza sativa 


TTGCTGCTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGG 
CGGGATGGGGCGCGGGTAGATCGAGATCAAGAGGATCGAGAACT 
CCACCAACCGCCAGGTGACCTTCTCCAAGCGCA 


5217 


Lys5Term 
AAG-TAG 


TGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTCTCGATCC 

TCTTGATCTCGATCTACCCGCGCCCCATCCCGCCTCCTCCTCCTC 

CTCCTCCTTCCTCCAGCTAGCTTAGCAGCAA 


5218 




GGCGCGGGTAGATCGAG 


5219 




CTCGATCTACCCGCGCC 


5220 


IVIdlc-olcl lie 

P! 

Oryza sativa 


TGGGGCGCGGGAAGATCTAGATCAAGAGGATCGAGAACTCCACC 
AACCGCCAGGTGACCTTCTCCAAGCGCAGGAGCG 1 


5221 ! 


Glu7Term 

N_**l L4 1 I \*r I III 

GAG-TAG 


CGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTC 
TCGATCCTCTTGATCTAGATCTTCCCGCGCCCCATCCCGCCTCCT 
CCTCCTCCTCCTCCTTCCTCCAGCTAGCTTAG 


5222 




GGAAGATCTAGATCAAG 


5223 




CTTGATCTAGATCTTCC 


5224 


Male-sterile 
PI 

Oryza sativa 


TAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGC 

GCGGGAAGATCGAGATCTAGAGGATCGAGAACTCCACCAACCGC 

CAGGTGACCTTCTCCAAGCGCAGGAGCGGGATCC 


5225 


Lys9Term 
AAG-TAG 


GGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTG 
GAGTTCTCGATCCTCTAGATCTCGATCTTCCCGCGCCCCATCCCG 
CCTCCTCCTCCTCCTCCTCCTTCCTCCAGCTA 


5226 




TCGAGATCTAGAGGATC 


5227 




GATCCTCTAGATCTCGA 


5228 
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Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 



SEQ ID 

NO; ; 



Male-sterile 
PI 

Oryza sativa 

Glu12Term 

GAG-TAG 



GAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGCGCGGGAAGA 
TCGAGATCAAGAGGATCIAGAACTCCACCAACCGCCAGGTGACCT 
THTCCAAGCGCAGGAGCGGGATCCTCAAGAAGG 



5229 



CCTTCTTGAGGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGC 
GGTTGGTGGAGTTCTAGATCCTCTTGATCTCGATCTTCCCGCGCC 
rr.ATnr.nncCTCCTCCTCCTCCTCCTCCTTC 



5230 



AGAGGATCIAGAACTCC 



5231 



GGAGTTCTAGATCCTCT 



5232 
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Example 7 

Engineering plants for abiotic stress tolerance 

Environmental stresses, such as drought, increased soil salinity, soil contamination with 
heavy metals, and extreme temperature, are major factors limiting plant growth and productivity. The 
worldwide loss in yield of three major cereal crops, rice, maize, and wheat due to water stress (drought) has 
been estimated to be over ten billion dollars annually and many currently marginal soils could be brought 
into cultivation if suitable plant varieties were available. 

Physiological and biochemical responses to high levels of ionic or nonionic solutes and 
decreased water potential have been studied in a variety of plants. It is known, for example, that increasing 
levels of alcohol dehydrogenase can confer enhances flooding resistance in plants. There are also several 
possible mechanisms to enhance plant salt tolerance. For example, one mechanism underlying the 
adaptation or tolerance of plants to osmotic stresses is the accumulation of compatible, low molecular weight 
osmolytes such as sugar alcohols, special amino acids, and glycinebetaine. Such accumulation can be 
engineered, for example, by removing feedback inhibition on 1-pyrroline-t-carboxylate synthetase, which 
results in accumulation of proline. Additionally, recent experiments suggest that altering the expression or 
activity of specific sodium or potassium transporters can confer enhanced salt tolerance. 

Plant tolerance of contamination by heavy metals such as lead and aluminum in soils has 
also been investigated and one mechanism underlying tolerance is the production of dicarboxylic acids such 
as oxalate and citrate. In addition, individual genes involved in heavy metal sensitivity have been identified. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer stress tolerance in plants. , 
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Phenotype, Gene, 
: Plant & Targeted 
Alteration 

Salt Tolerance 
P5CS 

l Arabidopsis thaliana 
' Phe128Ala 
I TTT-GCT 



Salt Tolerance 
P5CS 1 

Brassica napus 
Phe128AIa 
ITTC-GCC 



Salt Tolerance 
P5CS2 
Brassica napus 
Phe129Ala 

Ittc-gcc 



Salt Tolerance 
P5CS 

Oryza sativa 
Phe128Ala 
I TTT-GCT 



Table 17 

Renome-Alter in g QHaos Con ««™"q stress Tolerance 



Altering Oligos 

rr:vTCliTsTTGTGTGGTAGTTGGATGTGACGGTTGCTCAAATGCTT 
GTGACCGATAGCAGTGCTAGAGATAAGGATTTCAGGAAGCAACTT 

AfTTfiAAACTGTCAMGCGATGCTGAGGATGA 



TCATCCTCAGCATCGCTTTGACAGTTTCACTMGTTGCTTCCTGAA 
ATCCTTATCTCTAGCACTGCTATCGGTCACAAGCATTTGAGCAACC 
nTnACATCCAACTACCACACAAAAAGACG 



ATAGCAGTGCTAGAGAT 



ATCTC TAGCACTGCTAT ^ _ 

GAGACTATG7 I TGACCAGC I GGATGTGACGGC I GC I CAGC I UU I u 



SEQ ID 
NO: 

5233 



5234 



5235 



GTGAATGACAGTAGTGCCAGAGACAAGGAGTTCAGGAAGCAACTT 
AATfiAnACAGTGAAGTCCATGCTTGATTTGA 



TCAAATCAAGCATGGACTTCACTGTCTCATTAAGTTGCTTCCTGAA 
CTCCTTGTCTCTGGCACTACTGTCATTCACCAGCAGCTGAGCAGC 
rnTnACATCCAGCTGGTCAAACATAGTCTC _ 



ACAGTAGTGCCAGAGAC 



GTCTCTGGCACTACTGT _____ 
GAGACTATGTTTGACCAGATGGATGTGACGGTGGCTCAAATGCTG 
GTGACTGATAGCAGTGTCAGAGATMGGATTTCAGGMGCAACTT 

AfiTfiAGACAGTCAAAGCTATGCTGAAAATGA 



5238 



5239 
5240 



TCATTTTCAGCATAGCTTTGACTGTCTCACTAAGTTGCTTCCTGAA 
ATCCTTATCTCTGACACTGCTATCAGTCACCAGCATTTGAGCCACC 
rrrPAHATrnATCTGGTCAAACATAGTCTC 



ATAGCAGTGTCAGAGAT 



ATCTCTGACACTGCTAT 

GATATGTTGTTTAACCAACTGGATGTCTCGTCATCTCAACTTCTTG 
TCACCGACAGTGATGCTGAGAACCCAAAGTTCCGGGAGCMCTCA 

nTfiAAACTGTTGAGTCATTATTAGATCTTA 



5241 



5242 



5243 



TMGATCTMTMTGACTCMCAGTTTCAGTGAGTTGCTCCCGGAA 
CTTTGGGTTCTCAGCATCACTGTCGGTGACAAGAAGTTGAGATGA 
r.fiAfiACATCCAGTTGGTTAAACAACATATC . 



ACAGTGATGCTGAGAAC 



GTTCTCAGCATCACTGT 



5246 



5247 
5248 
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Phenotype, Gene, 
Plant & Targeted /; 
Alteration 


• • 

Altering Oligos 

: 


SEQ ID 

NO: 

_ — ■_ — 


Salt Tolerance 
P5CS 

Medicago sath/a 


GAIAI I I IGI I I AG I CAGC I GGA I GTGACATCTGCTCAGCTTCTTG 
TTACTGACAATGATGCTAGAGACCAAGA 1 1 1 1 AGAAAGCAACTTTC 
TGAAACTGTGAGATCACTTCTAGCACTAA 


5249 


Phe128Ala 
TTT-GCT 


TTAGTGCTAGAAGTGATCTCACAG 1 1 1 CAGAAAGTTGC 1 1 1 CTAAA 

ATCTTGGTCTCTAGCATCATTGTCAGTAACAAGAAGCTGAGCAGAT 

GTCACATCCAGCTGACTAAACAAAATATC 


rnrn 

525U 




ACAATGATGCTAGAGAC 


COC4 




GTCTCTAGCATCATTGT 


coco 


Salt Tolerance 
P5CS 

Actinidia deliciosa 


GATACATTGTTTAGTCAGCTGGATGTGACATCAGCTCAGCTACTC 

GTTACTGATAATGATGCTAGGGATCCAGAATTCAGGAAGCAACTTA 

CTGAAACTGTAGAATCACTATTGAATTTGA 


5253 


Phe128Ala 
TTT-GCT 


T/\ AAA "I f 1 /"*V A A "T" A /""\^H/"N A 1 1 /"XT* A /"> A /*^"| 1 1 1 /"V A ^">~T" A A /"V I 1 /*> 1 1 A AT 

TCAAATTCAATAGTGATTCTACAG 1 1 1 CAGTAAGTTGCTTCCTGAAT 
TCTGGATCCCTAGCATCATTATCAGTMCGAGTAGCTGAGCTGAT . 
GTCACATCCAGCTGACTAAACAATGTATC 


COCd 

5z54 




ATAATGATGCTAGGGAT 


cocc 

5255 




ATCCCTAGCATCATTAT 


core 

5256 


Salt Tolerance 
P5CS 

Cichorium intybus 


GACACACTCTTCAGTCAACTbbA 1 G 1 GAL-A 1 LAbUAOAbL. II b 1 1 

GTAACAGATAATGACGCCAGAAGTCCAGAATTTAGAAAACAACTTA 

CTGAAACAGTCGATTCTTTATTATCTTATA 




Phe122Ala 
TTC-GCC 


TATAAGATAATAAAGAATCGACTGTTTCAGTAAGTTG 1 1 1 1 CTAAAT 

TCTGGACTTCTGGCGTCATTATCTGTTACAAGAAGCTGTGCTGAT 

GTCACATCCAGTTGACTGAAGAGTGTGTC 


coco 

5258 




ATAATGACGCCAGAAGT 


COCfi 

5259 




MO 1 lul OUUO 1 On I i Ml 


5260 


Salt Tolerance' 
P5CS 

Lycope/s/con 


GATTCTTTGTTCAGTCAGTTGGATGTGACATCAGCTCAGCTTCTGG 
TGACTGATAATGACGCTAGAGATCCAGA 1 1 1 1 AGGAGACAACTCAA 
TGACACAGTAAATTCGTTGCTTTCTCTAA 


5261 


esculentum 
Phe128Ala 
TTT-GCT 


TTAGAGAAAGCAACGAATTTACTGTGTCATTGAGTTGTCTCCTAAA 
ATCTGGATCTCTAGCGTCATTATCAGTCACCAGAAGCTGAGCTGA 
TGTCACATCCAACTGACTGAACAAAGAATC 


5262 




ATAATGACGCTAGAGAT 


5263 




ATCTCTAGCGTCATTAT 


5264 


Salt Tolerance 
P5CS 

Vigna unguiculata 


GATACCATGTTCAGCCAGCTTGATGTGACTTCTTCCCAACTTCTTG 
TGAATGATGGATTTGCTAGGGATGCTGGCTTCAGAAAACAACTTTC 
GGACACAGTGAACGCGTTATTAGATTTAA 


5265 


Phe162Ala 
TTT-GCT 


TTAMTCTMTMCGCGTTCACTGTGTCCGAAAGTTGTnTCTGAA 
GCCAGCATCCCTAGCAAATCCATCATTCACAAGAAGTTGGGAAGA 
AGTCACATCAAGCTGGCTGAACATGGTATC 


5266 




ATGGATTTGCTAGGGAT 


5267 
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Phenotype. Gene, 
Alteration 



Salt Tolerance 
P5CS 

Mesembryanthemum 
crystallinum 
Phe125Ala 
i TTT-GCT 



Altering Oligos 

ATCCCTAGCAA ATCCA1 

GACACCTTG 1 1 1 AGTCAG I IGGAI CTGAC I GU I GC I CAbU I bU I 
GTGACGGACMCGAC^TAGAGATCCMGTTTTAGAACACAACTA 

APTftAAAP.AGTGTATCAGTTGTTGGATCTAA 



SI 
N0| 

5268 
526T 



TTAGATCCMCMCTGATACACTGT1TCAGTTAGTTGTGTTCTAAAA 

craGATcm^^ 

^ T rA^ATr.nAAnTGACTAAACAAGGTGTC _ 



ACAACGACGCTAGAGAT 



ATCTCTAGCGTCGTTGT 



Salt Tolerance 
P5CS 

Vitis vinifera 

Phe130Ala 

TTT-GCT 



GACACATIAI I I AGCCAGC I GGAI b TGACA I CAGU I CAbL I ' ^' 
GTGACTGATMTGATG^TAGGGATGMGCTTTCCGAAATCAACTTA 

^ jr a a a r a ftTfift ATTC ATTGTTAGCTTTG A 



TCAAAGCTMCMTGAATCCACTGTTTGAGTMGTTGATTTCGGAA 
AG^TCATCCC^GCATCATTATCAGTCACAAGAAGCTGAGCTGAT 

rrrrArATP.r.AftPTGGCTAAATAATGTGTC 



ATAATGATGCTAGGGAT 



Salt Tolerance 
P5CS 

Vigna aconitifolia 
Phe129Ala 
I TTT-GCT 



ATCCCTAGC ATCATTAT __^ J= ._ _ 

GATACGCTG I I CACTCAGC I CGAlb rGACA^CGGC 1 UAbU IU M 



5270 



5271 
"5272" 



5273" 



5274 



5275 



Salt Tolerance 
HKT1 

I Arabidopsis thaliana 
Ser207Val 
ITCC-GTC 



GTGACGGATMCGATGCTCGAGATAAGGATTTCAGGAAGCAGCTT 
APTfiAfiAP.TGTGAAGTCGCTGTTGGCGCTGA 



TCAGCGCCMCAGCGACTTCACAGTCTCAGTMGCTGCTTCCTGA 

aatcctYa^ 

attttpapatcgagctgagtgaacagcgtatc 



ATAACGATGCTCGAGAT 



ATCTCGAGC ATCGTTAT _^^=- 

AGAGATGI ICI rAGTTCCAAAGAAATCTCACC I C I CAC 1 1 lUUUb 
TC^CACMGACTTCTCACGTTTGCAMCTGCGGATTTGTCCCCAC 

^ A ATftAnAAPATGATCATCTTTCGCAAAA 



5278 



5279 
5280 



TTTTGCGAAAGATGATCATGTTCTCA1 ^^'^^^I^r 
GTTTGCAAACGTGACAACTGTTGTGAAGACGGAGAAAGTGAGAGG 

jn&n ATTTPTTTfifi AACTAAGAAC ATCTCT _ 



CAACAGTTGTCACGTTT 



Salt Tolerance 
HKT1 

| Arabidopsis thaiiana 
\ Gln237Leu 
i CAA-CTA 



AAACGTGACAAC TGTTG 

CGAATG AG AAC A I G A I U A I L I I »^ C ^>:'^^^ 
GCTCCTAATCCCTCIAGTACTGATGGGAAACACTTTGTTCCCTTGC 

jjPTTrsnTTTTfinTnATATGGGGACTTTA 



TAMGTCCCCATATGAGCAAMCCMGMGCMGGUMCAMGTG 
TTTCCCAT^CAGTACTAGAGGGATTAGGAGCCAGATGAGACCAGAG 

r \ r ' n il\hfi ( ^ ATrs atp. ATGTTCTC ATTCG 



5281 



5282 



5283 
5284 



"528T 



TT 



5286 
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Phenotype, Gene r 


- 


SEQID 

NO: 


Plant & Targeted 


Altering Ofigos 


Alteration 






AATCCCTCTACZTACTClA 






TOAGTACTAGAfiGGATT 


5288 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 


AGTCTCTAGAAGGAATGAGTTCGTACGAGAAGTTGGTTGGATCGT 
TGTTTCMGTGGTGAGTTCGCGACACACCGGAGAAACTATAGTAG 
ACCTCTCTACACTTTCCCCAGCTATCTTGGT 


5289 


Asn332Ser 
AAT-AGT 


AnnAARATARPTfififiRAAARTfiTARARARfiTCTAnTATARTTTnT 

CCGGTGTGTCGCGAACTCACCACTTGAAACAACGATCCAACCMC 

TTCTCGTACGAACTCATTCCTTCTAGAGACT 


5290 




ACTfif^TfiAGTTrfirftAr 

AO 1 V3V3 1 VJrAVJ 1 l UuUOnO 






GTCGCGAACTCACCACT 


5292 


Salt Tolerance 
HKT1 

Eucalyptus 


AGAGATGTGCTAAAGAAGAAAGGTCTCAAAATGGTGACCTTTTCC 

GTCTTCACCACCGTGGTGACCTTTGCCAGTTGTGGGTTTGTCCCG 

ACCAATGAAAACATGATTATCTTCAGCAAAA 


5293 


camaldulensis 
Ser256Val 


1 1 1 IGCIGAAGAI AAICAIGI 1 1 ICAI 1 GG 1 CGGGACAAACCCACA 
ACTGGCAAAGGTCACCACGGTGGTGAAGACGGAAAAGGTCACCA 


5294 


TCG-GTG 


1 1 1 1 GAGACCTTTCTTCTTTAGCACATCTCT 




* 


CCACCGTGGTGACCTTT 


5295 




AAAGGTCACCACGGTGG 


5296 


Salt Tolerance 
HKT1 

Eucalyptus 


CCAATGAAAACATGATTATCTTCAGCAAAAACTCTGGCCTCCTCCT 
GATTCTCATCCCTCTGGCCCTTCTTGGGAACATGCTGTTCCCATC 
GAGCCTACGTTTGACGCTTTGGCTCATCGG 


5297 


camaldulensis 

Gln286Leu 

CAG-CTG 


CCGATGAGCCAAAGCGTCAAACGTAGGCTCGATGGGAACAGCAT 
GTTCCCMGAAGGGCCAGAGGGATGAGAATCAGGAGGAGGCCA 
GAGI 1 1 1 IGCIGAAGAI AAICAIGI 1 1 ICATTGG 


5298 




CATCCCTCIGGCCCTTC 


5299 




GAAGGGCCAGAGGGATG 


5300 


Salt Tolerance 
HKT1 

Eucalyptus 


AATCGTTGMTGGACTAAGCTCCTGTGAGAAAATCGTGGGCGCGC 

TGTTTCAGTGCGTGAGCAGCAGACATACCGGCGAGACGGTCGTC 

GATCTGTCCACAGTTGCTCCCGCCATCTTGGT 


5301 


camaldulensis 

Asn381Ser 

AAC-AGC 


ACCAAGATGGCGGGAGCAACTGTGGACAGATCGACGACCGTCTC 
GCCGGTATGTCTGCTGCTCACGCACTGAAACAGCGCGCCCACGA 
1 1 1 1 CTCACAGGAGCTTAGTCCATTCAACGATT 


5302 




GTGCGTGAGCAGCAGAC 


5303 




GTCTGCTGCTCACGCAC 


5304 
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15 



20 



25 



-101- 




Phenotype, Gene, 


- . ■ | 

Altering Oligos 


SEQ1D 

NO; 


Pl^rtt & tardeted 
Alteration { 


Salt Tolerance 
HKT1 


AAAGCTCCACTGAAGAAGAAAGGGA 1 (JAACA 1 1 GCACTC 1 1 0 1 OA 1 
TCTCGGTCACGGTCGTCTCGTTTGCGAATGTGGGGCTCGTGCCG 

AnAAATGAGAACATGGCAATCTTCTCCAAGA 


5305 


Oryza sativa 

Ser238Val 

TCC-GTC 


TCTTGGAGAAGATTGCCATGTTCTCATTTGTCGGCACGAGCCUUA 
CATTCGCAAACGAGACGACCGTGACCGAGAATGAGAAGAGTGCA 
ATGTTGATCCCTTTCTTCTTCAGTGGAGCTTT 


5306 




TCACGGTCGTCTCGTT 1 


5307 




AAACGAGACGACCGTGA 


5308 


Salt Tolerance 
HKT1 

Oryza sativa 

Gln268Leu 

CAG-CTG 


CAAATGAGAACATGGCAA 1 C 1 1 CTCCAAUAAUU^.^tX 1 U, 
TCCTGTTCATCGGCCTGATTCTTGCAGGCAATACACTTTACCCTCT 

CTTCCTAAGGCTATTGATATGGTTCCTGGG 


5309 


CCCAGGAACCATATCAATAGCCTTAGGAAGAGAGGGTAAAG 1 G I A 
TTGCCTGCAAGAATCAGGCCGATGAACAGGAGGAGGAGGCCCGG 

GTTCTTGGAGAAGATTGCCATGTTCTCATTTG 


5310 




CATCGGCCTGATTCTTG 


5311 




CAAGAATCAGGCCGATG | 


5312 


Salt Tolerance 
HKT1 

Oryza sativa 

Asn363Ser 

AAC-AGC 


CAGTCTTTGATGGACTCAGC 1 C 1 TACCAGAAGA 1 IATCAATGUAI I 
GTTCATGGCAGTGAGCGCAAGGCACTCGGGGGAGAACTCCATCG 

AnTGCTCACTCATCGCCCCTGCTGTTCTAGT 


5313 


ACTAGAACAGCAGGGGCGATGAGTGAGCAGTCGATGGAG 1 1 0 1 u 
CCCCGAGTGCCTTGCGCTCACTGCCATGAACAATGCATTGATAAT 

CTTCTGGTAAGAGCTGAGTCCATCAAAGACTG 


5314 




GGCAGTGAGCGCAAGGC 


5315 




GCCTTGCGCTCACTGCC 


5316 


Salt Tolerance 
HKT1 

Triticum aestivum 

Ala240Val 

GCC-GTC 


TmGCCCCACTGAACAAGAAAGGGATCAACA 1 UGTGCTC 1 1 U 1 OAL, 
TATCAGTCACCGTTGTCTCCTGTGCGAATGCAGGACTCGTGCCCA 

nAAATGAGAACATGGTCATCTTCTCAAAGAA 


5317 


ttctttgagaagatgaccatgttctcatttgtgggcacgagtcct 

GCATTCGCACAGGAGACAACGGTGACTGATAGTGAGAAGAGCAC 
GATGTTGATCCCTTTCTTGTTCAGTGGGGCAC 


5318 




CACCGTTGTCTCCTGTG 


5319 




CACAGGAGACAACbb 1 b 


5320 


Salt Tolerance ™"~~ 
HKT1 

Triticum aestivum 

Gln270Leu 

CAG-CTG 


CAAATGAGAACATGGTCATCTTC 1 CAAAGAATTCAUUUU . uiom 
GCTGCTGAGTGGCCTGATGCTCGCAGGCAATACATTGTTCCCTCT 

CTTCCTGAGGCTACTGGTGTGGTTCCTGGG 


5321 


CCCAGGAACCACACCAGTAGCCTCAGGAAGAGAGGGAACAA 1 ^ I 
ATTGCCTGCGAGCATCAGGCCACTCAGCAGCAACAAGAGGCCTG 
AATTCTTTGAGAAGATGACCATGTTCTCATTTG 


5322 




GAGTGGCCTGATGCTCG 


5323 
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Altering Otigo^ 














SEQID 

MA- 


Alteration 


















fill 


: , . . . : . 




■ 












CGAGCATCAGGCCACTC 


5324 


bait loierance 
HKT1 

Triticum aestivum 

Asn365Ser 

AAT-AGT 


CAGTCTTTGATGGGCTCAGCTCTTATCAGAAGACTGTCAATGCATT 

CTTCATGGTGGTGAGTGCGAGGCACTCAGGGGAGAATTCCATCG 

ACTGCTCGCTCATGTCCCCTGCCATTATAGT 


5325 


ACTATAATGGCAGGGGACATGAGCGAGCAGTCGATGGAATTCTCC 
CCTGAGTGCCTCGCACTCACCACCATGAAGAATGCATTGACAGTC 
TTCTGATAAGAGCTGAGCCCATCAAAGACTG 


5326 


GGTGGTGAGTGCGAGGC 


5327 


GCCTCGCACTCACCACC 


5328 


Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Arg7Term 

CGA-TGA 


1 1 1 1 1 1 1 IGI 1 1 ICGI 1 1 1 CAAAAACAAAA 1 C 1 1 IGAAI 1 1 IAIGGCA 
ACCCGTCTTCTCTGMCAMCTTTATCCGGCGATCTTACCGTTTAC 
CCGCI 1 1 1 AGCCCGGTGGGTCCTCCCA 


coon 


TGGGAGGACCCACCGGGCTAAAAGCGGGTAAACGGTMGATCGC 
CGGATAMGTTTGTTCAGAGAAGACGGGTTGCCATAAAATTCAAA 
G ATTTTGTTTTTG AAAAC G AAAAC AAAAAAAA 


coon 


GTCTTCTCIGAACAAAC 


5331 


GT 


rTGTTCAGAGAAGAC 




















5332 


Freezina Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Arg13Term 

CGA-TGA 


TCAAAMCAAMTCTTTGMTTTTATGGCAACCCGTCTTCTCAGAA 

CAMCTTTATCCGGTGATCTTACCGTTTACCCGCTTTTAGCCCGGT 

GGGTCCTCCCACCGTGACTGCTTCCACCG 


5333 


CGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGGCTAAAAGC 

GGGTAAACGGTAAGATCACCGGATAAAGTTTGTTCTGAGAAGACG 

GGTTGCCATAAMTTCAMGATTTTGTTTTTGA 


5334 


TTATCCGGIGATCTTAC 


5335 


GTAAGATCACCGGATAA 


5336 


Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Tyr15Term 

TAC-TAG 


AAAAICI 1 IGAAI 1 1 IAIGGCAACCCGICI 1 C 1 CCGAAUAAAC 1 1 IA 
TCCGGCGATCTTAGCGTTTACCCGC 1 1 1 1 AGCCCGGTGGGTCCTC 
CCACCGTGACTGCTTCCACCGCCGTCGTC 


5337 


GACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGG 
CTAAAAGCGGGTAAACGCTAAGATCGCCGGATAAAGTTTGTTCGG 
AGAAGACGGGTTGCCATAAAATTCAAAGA 1 1 1 1 


5338 


CGATCTTAGCG* 


ITTACC 




















5339 


GGTAAACGCTAAGATCG 


5340 
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SEQtD 


Aitenng uiigpb 

" , ^_ ^^^w. — - — 4± 


Plant & Targeted 


NO: 


Freezing Tolerance ( 
proline oxidase ( 
precursor < 


^tttgmttttatggcaacccgtcttctccgaacaaactttatccg 
3cgatcttaccgttaacccgcttttagcccggtgggtcctcccac 
:gtgactgcttccaccgccgtcgtcccgga 


5341 


Arabidopsis thaliana 
Leu 1 /Term < 
TTA-TAA 


rCCGGGACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCA 

xgggctaaaagcgggttaacggtaagatcgccggataaagtttg 

rrnrcftAfiAAGACGGGTTGCCATAAAATTCAAAG 


5342 




TTACCGTTAACCCGCTT 


5343 




AAGCGGGTIAACGGTM 


5344 I 


Freezing Tolerance 
proline oxidase 
precursor 


CCGGTGGGTCCTCCCACCGTGACTGCTTCCACCGCCGTCGTCCC 
GGAGATTCTCTCCTTTTGACAACAAGCACCGGAACCACCTCTTCA 
CCACCCAAAACCCACCGAGCAATCTCACGATG 


5345 


ArabidoDsis thaliana 

Gly42Term 

GGA-TGA 


CATCGTGAGATTGCTCGGTGGGTTTTGGGTGGTGAAGAGGTGGT 
TCCGGTGCTTGTTGTCAAAAGGAGAGAATCTCCGGGACGACGGC 
GGTGGAAGCAGTCACGGTGGGAGGACCCACCGG 


5346 




TCTCCTTTIGACAACAA 


5347 




TTGTTGTCAAAAGGAGA 


5348 I 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 


ACATGAAGCAGTGAAATCTC 1 G 1 1 IGIAI IGAAIUI IAI lAGIUlcA 
AACTATGAATTTCTGACAAGAGAAG 1 1 1 GTAAGGTCAGTGTTCCAG 
ATTTGTCTCATTGAATTCTAAGTCGTGA 


5349 


Arabidopsis thaliana 

Arg4Term 

CGA-TGA 


TCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACC 1 1 AO 
AMCTTCTCTTGTCAGAAATTCATAGTTTGAGACTAATAAGATTCM 

TACAAACAGAGATTTCACTGCTTCATGT 


5350 


TGAATTTCIGACAAGAG 


5351 I 




CTCTTGTCAGAAATTCA 


5352J 


1 1 pari Tnlprance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
GlnSTerm 
CAA-TM 


TGMGCAGTGAMTCTCTGTTTGTATTGAATCTTATTAGTCTCAAAC 
TATGMTTTCCGATAAGAGAAGTTTGTAAGGTCAGTGTTCCAGATT 
TGTCTCATTGAATTCTAAGTCGTGMGC 


5353 


GCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGAUOl 
TACAMCTTCTCTTATCGGAAATTCATAGTTTGAGACTAATAAGATT 

CAATACAAACAGAGATTTCACTGCTTCA 


5354 


ATTTCCGATAAGAGAAG 


5355 




CTTCTCTTATCGGAAAT 


5356 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Glu6Term 
GAG-TAG 


'"agcagtgaaatctctgtttgtattgaatcttattagtctcaaactat 

GMTTTCCGACMTAGMGTTTGTAAGGTCAGTGTTCCAGATTTGT 
CTCATTGMTTCTAAGTCGTGMGCTTA 


5357 


TAAGCTTCACGACTTAGAATTCMTGAGACAAATCTGGAACAC 1 UA 
CCTTACAMCTTCTATTGTCGGAAATTCATAGTTTGAGACTAATAA 

GATTCAATACAAACAGAGATTTCACTGCT 


5358 
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Altering Oligos 




llillll 


Alteration 


i 






TCCGACAATAGMGTTT 


5359 




AAACTTCTATTGTCGGA 


5360 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 


AGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTATGAA 
TTTCCGACAAGAGTAGTTTGTAAGGTCAGTGTTCCAGATTTGTCTC 
ATTGAATTCTAAGTCGTGAAGCTTAATT 


5361 


Arabidopsis thaliana 

Lys7Term 

AAG-TAG 


AATTAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACAC 
TGACCTTACAAACTACTCTTGTCGGAAATTCATAGTTTGAGACTAA 
TAAGATTCAATACAAACAGAGATTTCACT 


5362 




GACAAGAGIAGTTTGTA 


5363 




TACAAACTACTCTTGTC 


5364 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 


CA'ITGAAI I'CTAAG 1 CG 1 GAAGC 1 IAAI ICGAI ICI ICI ICACI 1 IC 
TCGGATCAGGI 1 1 1 AAGATTGGAAGTCGGATAAGACTTCCTCCGA 
CGTGGAATATTCCGGTAAAAACGAGATTC 


5365 


Arabidopsis thaliana 

Gln12Term 

CAA-TAA 


GAA ICICGI MM ACCGGAA 1 A 1 1 CCACGTCGGAGGAAGTCTTATC 

CGACnCCAATCTTAAAACCTGATCCGAGAAAGTGAAGAAGAATC 

GAATTAAGCTTCACGACTTAGAATTCAATG 


5366 




TCAGGTTTTAAGATTGG 


5367 




CCAATCTTAAAACCTGA 


5368 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 


TGGAAGTCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAA 
GTTATGAATCACCGCTAAGACGAGTTTGTGAGGTTTCAGGATTGG 
AAATCAGAGAGAAGCTCTGAGGGAAA 1 MIC 


5369 ! 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


GAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTGAAACCT 
CACAAACTCGTCTTAGCGGTGATTCATAACTTTAGCCAATGCATCA 
ACCTGCTCAACGTGGGGGATTGACTTCCA 


5370 


GlnSTerm 
CAA-TAA 


ATCACCGCIAAGACGAG 


5371 


CTCGTCTTAGCGGTGAT 


5372 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 


TCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAAGTTATG 
AATCACCGCCAAGACTAGTTTGTGAGGTTTCAGGATTGGAAATCA 
GAGAGAAGCTCTGAGGGAAA 1 1 1 ICATGCTA 


5373 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


TAGCATGAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTG 
AAACCTCACAAACTAGTCTTGGCGGTGATTCATAACTTTAGCCAAT 
GCATCAACCTGCTCAACGTGGGGGATTGA 


5374 


GlyTTerm 
GAG-TAG 


GCCAAGACTAGTTTGTG 


5375 


CACAAACTAGTCTTGGC 


5376 
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Phenotype. Gene, 
Plant & Targeted 
Alteration 

Lead Tolerance 
i cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotians Tabacum 

GlnlZTerm 

CAG-TAG 



Altering Oligos 



SEQID 

NO: 



GAGCAGGTTGATGCATTGGCTAAAGTTATGAATCACCGCfJAAGAC 
GAGTTTGTGAGGTTTIAGGATTGGAAATCAGAGAGAAGCTCTGAG 
GGAAATTTTCATGCTAAAGGTGGAGTCCACC 



5377 



GGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAGCTTCTCTC 
TGATTTCCAATCCTAAAACCTCACAAACTCGTCTTGGCGGTGATTC 
ATAACTTTAGCCAATGCATCAACCTGCTC 



TGAGGTTTTAGGATTGG 



CCAATCCTAAAACCTCA 



5378 



5379 



5380 
138T 



I Lead Tolerance 
cyclic nucleotide- 

I gated calmodulin- 
binding ion channel 

I (CBP4) 

Nicotiana Tabacum 
|Trp14Term 
TGG-TGA 

I Lead Tolerance 
| cyclic nucleotide- 
I gated calmodulin- 
I binding ion channel 
(CBP4) 

I Nicotiana Tabacum 
Lys15Term 
I AAA-TAA 



TGATGCATTGGCTAAAGTTATGMTCACCGCCAAGACGAGTTTGT 
GAGGTTTCAGGATTGIAAATCAGAGAGAAGCTCTGAGGGAAATTT 
TCATGCTAAAGGTGGAGTCCACCGAAGTAAA 



TTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAG 
CTTCTCTCTGATTTACAATCCTGAMCCTCACAAACTCGTCTTGGC 

GGTGATTCATAACTTTAGCCAATGCATCA 

CAGGATTGTAAATCAGA 



TCTGATTTACAATCCTG 

GATGCATTGGCTAAAGTTATGAATCACCGCCAAGA(J(iAGTTTGTG 
AGGTTTCAGGATTGGIAATCAGAGAGAAGCTCTGAGGGAAATTTT 
CATGCTAAAGGTGGAGTCCACCGAAGTAAAG 



5382 



5383 
5384 



CTTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGA 
GCTTCTCTCTGATTACCAATCCTGAAACCTCACAAACTCGTCTTGG 
CGGTGATTCATAACTTTAGCCMTGCATC . 



AGGATTGGIAATCAGAG 



CTCTGATTACCAATCCT 



5385 



5386 



5387 
"5388 



Lead Tolerance 
calmodulin binding 
j transport protein 
Hordeum vulgare 
Glu2Term 
GAA-TM 



CTTGAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGG 
TGGAGATAATGATGTAAAGAGAGGACAGATATGTTAGATTTCAGGA 

CTGCAAATCAGAGCAATCTGTTATCTCAG 



5389 



CTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAACATA 
TCTGTCCTCTCTTTACATCATTATCTCCACCAGGCGAACAGTTAGC 
AGCTAAGAGTGGTAGATCAATTCTTCAAG . 



5390 



TAATGATGTAAAGAGAG 



5391 



CTCTCTTTACATCATTA 



5392 
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Altering Otigos 

* 


SEQID 

. .NO: 




Lead Tolerance 
calmodulin binding 
transport protein 


GAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTG 
GAGATMTGATGGAATGAGAGGACAGATATGTTAGATTTCAGGAC 
TGCAAATCAGAGCAATCTGTTATCTCAGAGA 


5393 


5 


Hordeum vulgare 

Arg3Term 

AGA-TGA 


TCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAAC 
ATATCTGTCCTCTCATTCCATCATTATCTCCACCAGGCGAACAGTT 
AGCAGCTAAGAGTGGTAGATCAATTCTTC 


5394 






TGATGGMIGAGAGGAC 


5395 






GTCCTCTCATTCCATCA 


5396 




Lead Tolerance 
calmodulin binding 
transport protein 


GMTTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAG 

ATAATGATGGAAAGATAGGACAGATATGTTAGATTTCAGGACTGCA 

AATCAGAGCAATCTGTTATCTCAGAGAACG 


5397 


10 


Hordeum vulgare 

Glu4Term 

GAG-TAG 


CGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCT 
AACATATCTGTCCTATCTTTCCATCATTATCTCCACCAGGCGAACA 
GTTAGCAGCTAAGAGTGGTAGATCAATTC 


5398 






TGGAAAGATAGGACAGA 


5399 






TCTGTCCTATCTTTCCA 


5400 


15 


Lead Tolerance 
calmodulin binding 
transport protein 


ATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATG 
ATGGAAAGAGAGGACTGATATGTTAGATTTCAGGACTGCAAATCA 
GAGCAATCTGTTATCTCAGAGAACGCAGTTT 


5401 




Hordeum vulgare 

Arg6Term 

AGA-TGA 


AAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTG 

AAATCTAACATATCAGTCCTCTCTTTCCATCATTATCTCCACCAGG 

CGAACAGTTAGCAGCTAAGAGTGGTAGAT 


5402 






GAGAGGACIGATATGTT 


5403 






AACATATCAGTCCTCTC 


5404 


20 


Lead Tolerance 
calmodulin binding 
transport protein 


CCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATGATGGA 
MGAGAGGACAGATAGGTTAGATTTCAGGACTGCAAATCAGAGCA 
ATCTGTTATCTCAGAGAACGCAGTTTCACCA 


5405 




Hordeum vulgare 

Tyr7Term 

TAT-TAG 


TGGTGAAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAG 
TCCTGAAATCTAACCTATCTGTCCTCTCTTTCCATCATTATCTCCAC 
CAGGCGAACAGTTAGCAGCTAAGAGTGG 


5406 






GACAGATAGGTTAGATT 


5407 






MTCTAACCTATCTGTC 


5408 


25 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCCTTCTCTGAGAAAAAACAACAGATCCGAATTTTATC 1 1 1 AAICA 
GCCGGAAAAAATGTAGAAAGCGATCGAGAGACAACGCGTTCTTCT 
TGAGCATCTCCGACCTTCTTCTTCTTCTT 


5409 


30 


Arabidopsis thaliana 

Glu2Term 

GAG-TAG 


AAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGTTGTC 
TCTCGATCGCTTTCTACATTTTTTCCGGCTGATTAAAGATAAAATTC 
GGATCTGTTG 1 1 1 1 1 1 CTCAGAGAAGGAT 


5410 



WO 01/92512 



-107- 



PCT/US01/17672 



Phenotype, Gene, 




;l; : ; :;:;x;:;g: : :;:| : ::::::;::;;:x: : 

SEQiD 


Plant & Targeted 
| Alteration { 


Altering Gligos I 
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AAAAAATGTAGAAAGCG 


5411 






rGCTTTCTACA MINI 


5412 


ifi-vu resistance 

3-ketoacyl-CoA 

thiolase 

1 /VaulOOpSIS mallcilia 

Lys3Term 
AAA-TAA 


fTTCI C 1 GAGAAAAAACAACAGA 1 CCGAA 1 1 1 IAICI 1 IAATUAUU 
CGGAAAAAATGGAGTAAGCGATCGAGAGACAACGCGTTCTTCTTG 

ARCATCTCCGACCTTCTTCTTCTTCTTCGC 


5413 


GCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAAUUUUI 
TGTCTCTCGATCGCTTACTCCA 1 1 1 1 1 1 CCGGCTGATTAAAGATAA 
MTTCGGATCTGTTGTTTTTTCTCAGAGAAG 


5414 


AAATGGAGTAAGCGATC 


5415 




GATCGCTTACTCCATTT 


5416 


1 0 A-HR rPQiQt^nrtP 
1 ^,T"UD icoioiaiiuc 

3-ketoacyl-CoA 
thiolase 


GAAAAMCMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAAA 
TGGAGAAAGCGATCTAGAGACAACGCGTTCTTCTTGAGCATCTCC 
GACCTTCTTCTTCTTCTTCGCACAATTACG 


5417 


Arabidopsis thaliana 

Glu6Term 

GAG-TAG 


rRTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAA 
GAACGCGTTGTCTCTAGATCGCTTTCTCCA 1 1 1 1 1 ICCGGCTGATT 
AAAGATAAAATTCGGATCTGTTGI 1 1 1 1 iC 


5418 


AAfiPfSATPTAGAGACAA 


5419 




TTGTPTnTAGATCGCTT 


5420 
5421 


I z,4-Ub resistance 
3-ketoacyl-CoA 
thiolase 

Arabidopsis thaliana 

Arg7Term 

AGA-TGA 


= AAAACMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAAATGG 
AGAAAGCGATCGAGTGACAACGCGTTCTTCTTGAGCATCTCCGAC 
CTTCTTCTTCTTCTTCGCACAATTACGAGG 


CCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCA/ 5 
GAAGAACGCGTTGTCACTCGATCGCTTTCTCCAI 1 1 1 1 ICCGGCT 
GATTAAAGATAAAATTCGGATCTGTTGI 1 1 1 


^ 5422 


rRATCGAGTGACAACGC 


5423 




GCGTTGTCACTCGATCG 


5424 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Arabidopsis thaliana 

Gln8Term 

CAA-TAA 


ACMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAAATGGAG/ 1 
AAGCGATCGAGAGATAACGCGTTCTTCTTGAGCATCTCCGACCTT 
CTTCTTCTTCTTCGCACAATTACGAGGCTT 


^ 5425 


AAGCCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGC 
CAAGAAGAACGCGTTATCTCTCGATCGCTTTCTCCAI 1 1 1 1 ICCG( 
CTGATTAAAGATAAAATTCGGATCTGTTGT 


T 5426 
3 


TCGAGAGATAACGCGTT 


5427 




AACGCGTTATCTCTCGA 


5428 
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2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


GAGAGACAAAGAGTTCTTCTTGAACATCTCCGTCCTTCTTCTTCTT 
CCTCTCACAGCI 1 ITAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGC 
TGGGGACAGTGCTGCGTATCAGAGGACCT 


5429 


precursor 
Brassica napus 
Glu26Term 


AGGTCCTCTGATACGCAGCACTGTCCCCAGCCMGCAAGCTGAA 
GCAGAGAGAGAGCCTTAAAAGCTGTGAGAGGAAGAAGAAGMGG 
ACGGAGATGTTCAAGAAGAACTCTTTGTCTCTC 


5430 


GAA-TAA 


ACAGCTTTTAAGGCTCT 


5431 




AGAGCCTTAAAAGCTGT 




2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TTGAACATCTCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGG 
CTCTCTCTCTGC7TGAGCTTGCTTGGCTGGGGACAGTGCTGCGTA 
TCAGAGGACCTCTCTCTATGGAGATGATGT 


5433 


precursor 
Brassica napus 
Ser32Term 


ACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGCACTGTCC 
CCAGCCAAGCAAGCTCAAGCAGAGAGAGAGCCTTCAAAGCTGTG 
AGAGGAAGAAGAAGAAGGACGGAGATGTTCAA 


5434 


TCA-TGA 


CTCTGCTTGAGCTTGCT 


5435 




AGCAAGCTCAAGCAGAG 


; 5436 


2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCTCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTC 

TCTGCTTCAGCTTGATTGGCTGGGGACAGTGCTGCGTATCAGAG 

GACCTCTCTCTATGGAGATGATGTAGTCATT 


5437 


precursor 
Brassica napus 
Cys34Term 


AATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGC 

ACTGTCCCCAGCCAATCAAGCTGAAGCAGAGAGAGAGCCTTCAAA 

GCTGTGAGAGGAAGAAGAAGAAGGACGGAGA 


5438 


TGC-TGA 


TCAGCTTGATTGGCTGG 


5439 




CCAGCCAATCAAGCTGA 


5440 


2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTCTC 
TGCTTCAGCTTGCTAGGCTGGGGACAGTGCTGCGTATCAGAGGA 
CCTCTCTCTATGGAGATGATGTAGTCATTGT 


5441 


precursor 
Brassica napus 
Leu35Term 


ACAATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCA 
GCACTGTCCCCAGCCTAGCAAGCTGAAGCAGAGAGAGAGCCTTC 
AAAGCTGTGAGAGGAAGAAGAAGAAGGACGGA 


5442 


TTG-TAG 


AGCTTGCTAGGCTGGGG 


5443 




CCCCAGCCIAGCAAGCT 


5444 
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SEQID 
NO: 


Alteration 

2,4-DB resistance 

glyoxysomal beta- 

ketoacyol-thiolase 

precursor 

Brassica napus 

Tyr42Term 

TAT-TAG 

2,4-DB resistance 
3-ketoacyl-CoA 
thioiase B 
Mangifera indica 
Tyr25Term 
TAC-TAG 

2,4-DB resistance 
3-ketoacyol-CoA 
thioiase B 
Magnifera indica 
Glu26Term 
GAG-TAG 


TCACAGCTTTGMGGCTCTCTCTCTGCTTCAGC 1 TGCTTGGCTGG 
GGACAGTGCTGCGTAGCAGAGGACCTCTCTCTATGGAGATGATGT 

AGTCATTGTTGCGGCACATAGGACTGCACTA 


5445 1 


TAGTGCAGTCCTATGTGCCGCAACAATGACTACATCATCTCCATA 

GAGAGAGGTCCTCTGCTACGCAGCACTGTCCCCAGCCAAGCAAG 

CTGAAGCAGAGAGAGAGCCTTCAAAGCTGTGA 


5446 


r^PTftPfiTAGnAGAGGAC 


5447 1 


nTrPTPTRCTACGCAGC 

CMCAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTMTTC 

TTCTrCTCACAATTAGGAGTCCGCTCTTGCCGCATCAGTATGTGCT 

GCAGGGGATAGCGCCGCATATCATAGGGCT 


5448 J 
5449 


AGrCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATGC 

GGCAAGAGCGGACTCCTAATTGTGAGAAGAAGAATTAGAAGGGC 

GGAGATGCTGGAGCAACACTTGCTGTCTGTTG 


5450 


PArAATTAGfiAGTCCGC 


5451 


nrr^r^ArTrnTAATTGTG 
= AACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTCTT 
CTTCTCACAATTACTAGTCCGCTCTTGCCGOA 1 OAb 1 a i Ij i i 
CAGGGGATAGCGCCGCATATCATAGGGCTT 


5452 
5453 


AAGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGAlb 

CGGCAAGAGCGGACTAGTAATTGTGAGAAGMGAATTAGAAGGG 

CGGAGATGCTGGAGCAACACTTGCTGTCTGTT 


5454 


ACAATTACIAGTCCGCT 


5455 


AGCGGACTAGTAATTGT 

i -r-^^ a n^.T^TonP^TT^TA attpttpttptP. A P. A ATTAP.G AGTC 


5456 
T1457 



3-ketoacy\ol-CoA 
I thioiase B 

Mangifera indica 

Ser32Term 
| TCA-TGA 



CGCTCTTGCCGCATGAGTATGTGCTGCAGGGGATAGCGCCGCAT 

ATCATAGGGCTTCTGTTTATGGAGACGATGT 

ACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGCGCTATCC 
CCTGCAGCACATACTCATGCGGCAAGAGCGGACTCGTMTTGTGA 
GAAGAAGAATTAGAAGGGCGGAGATGCTGGA 



TGCCGCATGAGTATGTG 



CACATACTCATGCGGCA 



5458 



5459 



5460 
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V Pftenotype, Gene. - 




SEQID 


Plant & Targeted 


Altering Oligos 

>. 


NO: 






2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 


TCTCCGCCCTTCTAATTCTTCTTCTCACAATTACGAGTCCGCTCTT 
GCCGCATCAGTATGAGCTGCAGGGGATAGCGCCGCATATCATAG 
GGCTTCTGTTTATGGAGACGATGTGGTGATT 


5461 


Mangifera indica 

Cys34Term 

TGT-TGA 


AATCACCACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGC 
GCTATCCCCTGCAGCICATACTGATGCGGCAAGAGCGGACTCGT 
AATTGTGAGAAGAAGAATTAGAAGGGCGGAGA 


5462 




TCAGTATGAGCTGCAGG 


5463 




CCTGCAGCTCATACTGA 


5464 


2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 


TCACAATTACGAGTCCGCTCTTGCCGCATCAGTATGTGCTGCAGG 
GGATAGCGCCGCATAGCATAGGGCTTCTGTTTATGGAGACGATGT 
GGTGATTGTGGCAGCTCATCGTACTGCACTT 


5465 


Mangifera indica 

Tyr42Term 

TAT-TAG 


AAGTGCAGTACGATGAGCTGCCACAATCACCACATCGTCTCCATA 
AACAGAAGCCCTATGCTATGCGGCGCTATCCCCTGCAGCACATAC 
TGATGCGGCAAGAGCGGACTCGTAATTGTGA 


5466 




GCCGCATAGCATAGGGC 


5467 




GCCCTATGCTATGCGGC 


5468 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GAAGGCGATCAACAGGCAGAGCATTTTGCTACATCATCTCCGGCC 
TTCTTCTTCCGCTTAGACAAATGAATCTTCGCTCTCTGCATCGGTT 
TGTGCAGCTGGGGATAGTGCTTCGTATCAA 


5469 


Cucumis sativus 

Tyr22Term 

TAC-TAG 


TTGATACGAAGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 
CGAAGATTCATTTGTCTAAGCGGAAGAAGAAGGCCGGAGATGATG 
TAGCAAAATGCTCTGCCTGTTGATCGCCTTC 


5470 




TCCGCTTAGACAAATGA 


5471 




TCATTTGTCTAAGCGGA 


5472 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


A 1 CAACAGGCAGAGCA 1 1 1 1 GC 1 ACA 1 CA 1 C 1 CCGGCC 1 1 C 1 1 C 1 1" 
CCGCTTACACAAATTAATCTTCGCTCTCTGCATCGGTTTGTGCAGC 
TGGGGATAGTGCTTCGTATCAAAGGACAT 


5473 


Cucumis sativus 

Glu25Term 

GAA-TAA 


ATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAAACCGATG 
CAGAGAGCGAAGATTAA 1 1 1 GTGTAAGCGGAAGAAGMGGCCGG 
AGATGATGTAGCAAAATGCTCTGCCTGTTGAT 


5474 




AC AC AAATTAATCTTC G 


5475 




CGAAGATTAATTTGTGT 


5476 



PCT/US01/17672 

WO 01/92512 

-111 - 



Phenotype, Gene, 
Plant & Targeted 
Alteration 

2,4-DB resistance 
3-ketoacyl-CoA 
thiolase 

Cucumis sativus 
Ser27Term 
! TCG-TAG 



Altering Oligos 

_ 



iiilll 

NO; 



GGCAGAGCAI 1 1 1 GCTACATCATCTCCGGCCTTCT I C ITCCGCTTA 
CACAAATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGGA 

TAGTGCTTCGTATCAAAGGACATCGGTGTT 



AACACCGATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATTTGTGTAAGCGGAAGAAGAA 

GGCCGGAGATGATGTAGCAAAATGCTCTGCC 

TGAATCTTAGCTCTCTG 



CAGAGAGCIAAGATTCA 



5477 



5478 



5479 



5480 



2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 
Ser31Term 
I TCG-TAG 



2,4-DB resistance 
3-ketoacyl-CoA 
I thiolase 
Cucumis sativus 
Cys33Term 
i TGT-TGA 



TGCTACATCATCTCCGGCCTTCTTCTTCCGCTTACAUAAA I GAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCTTCGTA 
THAAAGGACATCGGTGTTTGGAGATGATGT 



5481 



ACATCATCTCCAAACACCGATGTCCTTTGATACGMGCACTATCCG 
CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCATTTGTGTAAG 

CGGAAGAAGAAGGCCGGAGATGATGTAGCA . 

CTCTGCATAGGTTTGTG 



5482 



5483 



CACAAACCTATGCAGAG 

TCATCTCCGGCCTTCTTCTTCCGCTTACACAAATGAAT U ITCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCTTCGTATCAAAGG 

AnATCGGTGTTTGGAGATGATGTCGTGATT 



5484 



AATCACGACATCATCTCCAAACACCGATGTCCTTTGATACGAAGCA 
CTATCCCCAGCTGCICAAACCGATGCAGAGAGCGAAGATTCATTT 
PiTGTAAGCGGAAGAAGAAGGCCGGAGATGA 



TCGGTTTGAGCAGCTGG 



CCAGCTGCICAAACCGA 



5485 



5486 



5487 
"5488" 



2,4-DB resistance 
3-ketoacyl-CoA 
| thiolase 
Cucurbita sp. 
Tyr22Term 
iTAT-TAG 



GAAGGCAATCAACAGGCAGAGCATTCTGCTACATCA l U I CCGGCC 
TTCATCTTCGGCTTAGAGCCATGAATCTTCGCTCTCTGCATCGGTT 

TfiTGCAGCTGGGGATAGTGCGTCGTATCAA 



5489 



TTGATACGACGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 
CGAAGATTCATGGCTCTAAGCCGAAGATGAAGGCCGGAGATGAT 
GTAGCAGAATGCTCTGCCTGTTGATTGCCTTC 



5490 



TCGGCTTAGAGCCATGA 



TCATGGCTCTAAGCCGA 



5491 
"5492" 
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Phenotype, Gene, 
Plant & Targeted 


Altering Ohgos 


SEQ ID 
NO: 




Alteration 








2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCAACAGGCAGAGCATTCTGCTACATCATCTCCGGCCTTCATCTT 

CGGCTTATAGCCATTAATCTTCGCTCTCTGCATCGGTTTGTGCAG 

CTGGGGATAGTGCGTCGTATCAAAGAACGT 


5493 


5 


Cucurbita sp. 

Glu25Term 

GAA-TAA 


ACGTTCTTTGATACGACGCACTATCCCCAGCTGCACAAACCGATG 
CAGAGAGCGAAGATTAATGGCTATAAGCCGAAGATGAAGGCCGG 
AGATGATGTAGCAGAATGCTCTGCCTGTTGAT 


5494 






ATAGCCATTAATCTTCG 


5495 






CGAAGATTAATGGCTAT 


5496 




2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GGCAGAGCATTCTGCTACATCATCTCCGGCCTTCATCTTCGGCTT 
ATAGCCATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGG 
ATAGTGCGTCGTATCAAAGAACGTCGGTGTT 


5497 


10 


Cucurbita sp. 

Ser27Term 

TCG-TAG 


AACACCGACGTTCTTTGATACGACGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATGGCTATAAGCCGAAGATGAA 
GGCCGGAGATGATGTAGCAGAATGCTCTGCC 


5498 






TGAATCTTAGCTCTCTG 


5499 






CAGAGAGCTAAGATTCA 


5500 


15 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TGCTACATCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCGTCGTA 
TCAAAGAACGTCGGTGTTTGGAGATGATGT 


5501 




Cucurbita sp. 

Ser31Term 

TCG-TAG 


ACATCATCTCCAAACACCGACGTTCTTTGATACGACGCACTATCCC 
CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCATGGCTATAAG 
CCGAAGATGAAGGCCGGAGATGATGTAGCA 


5502 






CTCTGCATAGGTTTGTG 


5503 






CACAAACCTATGCAGAG 


5504 


20 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCGTCGTATCAAAGA 
ACGTCGGTGTTTGGAGATGATGTCGTGATA 


5505 




Cucurbita sp. 

Cys33Term 

TGT-TGA 


TATCACGACATCATCTCCAAACACCGACGTTCTTTGATACGACGCA 
CTATCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGATTCATGG 
CTATAAGCCGAAGATGAAGGCCGGAGATGA 


5506 






TCGGTTTGAGCAGCTGG 


5507 






CCAGCTGCTCAAACCGA 


5508 


25 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


TCAIAGICl CTTTTGCCGC 1 1 GGATTCTTCCAAGGT TAGTGAGC I G 
CTATGGCMCTCATTAGCAAACGCAACCTCCTTCCGAI 1 1 I CCCG 
CTCTTGCCGATGAAAATTCCCAGATTCCAG 


5509 




GlnSTerm 
CAG-TAG 


CTGGAATCTGGGMTTTTCATCGGCAAGAGCGGGAAMTCGGAAG 

GAGGTTGCGTTTGCTAATGAGTTGCCATAGCAGCTCACTAACCTT 

GGAAGAATCCAAGCGGCAAAAGAGACTATGA 


5510 
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Phenotype, Gene s 
! Plant & Targeted 


Altering Oligos 


SEQID 
NO; 


[ Alteration 


• KaSi»»Bs i- 

CAACTCATTAGCAAACG 


5511 




CGTTTGCTAATGAGTTG 


5512 


1 9 A HR rp«d<;tancfi 

Pex14 

Arabidopsis thaliana 


TAGTCTCTTTTGCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTA 
TGGCAACTCATCAGTAAACGCAACCTCCTTCCGA 1 1 1 ICCCGCTC 
TTGCCGATGAAAATTCCCAGATTCCAGGTT 


5513 


Gln6Term 
CAA-TAA 


AACCTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAAAA I Ubb 
AAGGAGGTTGCGTTTACTGATGAGTTGCCATAGCAGCTCACTAAC 
CTTGGAAGAATCCAAGCGGCAAAAGAGACTA 


5514 


CTCATCAGIAAACGCAA 


5515 


TTGCGTTTACTGATGAG 


5516 


I 9 A HR rp<5tatance 

Pex14 

Arabidopsis thaiiana 

Gln8Term 

CAA-TAA 


CTTTTGCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTATGGCA 
ACTCATCAGCAAACGTAACCTCCTTCCGA 1 1 1 1 CCCGCTCTTGCC 
GATGAAAATTCCCAGATTCCAGGTTCAATTT 


5517 


AAATTGAACCTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAA 
AATCGGAAGGAGGTTACGTTTGCTGATGAGTTGCCATAGCAGCTC 
ACTAACCTTGGAAGAATCCAAGCGGCAAAAG 


5518 


AGCAAACGIMCCTCCT 


5519 


AGGAGGTTACGTTTGCT 


5520 


I 9 A HR rp<;i<;tanCP 

Pex14 

Arabidopsis tiialiana 

Glu19Term 

GAA-TAA 


GCTGCTATGGCAACTCATCAGCAAACGCAACCTCCTTCCGAI 1 1 1 
CCCGCTCTTGCCGATTAAAATTCCCAGATTCCAGGTTCAATTTACA 

CCTTCTAATCATTATTTCTTAA 1 1 1 1 ICTT 


5521 


AAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATTGAAUU 1 bb 
MTCTGGGMTTTTAATCGGCAAGAGCGGGAAAATCGGAAGGAG 

GTTGCGTTTGCTGATGAGTTGCCATAGCAGC 


5522 


TTGCCGATTAAAATTCC 


5523 


GGAATTTTAATCGGCAA 


5524 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 

Gln22Term 

CAG-TAG 


GCAACTCATCAGCAAACGCAACCTCCTTCCGA 1 1 1 iuuCGCTCTT 

n/>rt/MTo» a a A-TTv^TA/°ATTr > r'AnfTrTPAATTTAnAnCTTCTAAT 
GCCGATGAAAATTL-UTAbAI IL>L»/au<jI iuami i i/v^rvvvyi ioi/-u-n 

CATTATTTCTTAAI 1 1 1 1 CTTTGGTGGATT 


5525 


AATCCACCAAAGAAAAATTAAGAAATAATGATTAGAAGG IblAAAU 
GAACCTGGAATCTAGGAATTTTCATCGGCAAGAGCGGGAAAATCG 

GAAGGAGGTTGCGTTTGCTGATGAGTTGC 


5526 


AAAATTCCTAGATTCCA 


5527 


TGGAATCTAGGAATn I 


5528 
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Example 8 

Production of albino mutants for the analysis of photosynthetic processes 

Plant productivity is limited by resources available and the ability of plants to harness these 
resources. The conversion of light to chemical energy, which is then used to synthesize carbohydrates, fatty 
acids, sugars, amino acids and other compounds, requires a complex system which combines the light 
harvesting apparatus of pigments and proteins. The value of light energy to the plant can only be realized 
when it is efficiently converted into chemical energy by photosynthesis and fed into various biochemical 
processes. Significant effort has therefore been directed at studying photosynthetic processes in plants in 
order to improve productivity and/or the efficiency of photosynthesis. The analysis of the photosynthetic 
process is substantially aided by the ability to produce albino plants. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 18 

Oligonucleotides to produce albino plants 



Phenotype, Gene, 
Plant& Targeted 
Alteration 


— — ~~ — — - - ■ ~~ 1 




Altering Oligos 


SEQID 


] 




White leaves 
mmutans 

Arabidopsis thaliana 
SerSTerm 

TPA-TRA 


TTCTTTCCTGTGAAATTATCTGCTCAAATu 1 1 1 bb 1 1 uo I bALrtjiaA^ 

ATGGCGGCGATTTGAGGCATCTCCTCTGGTACGTTGACGATTTCA 

CGGCCTTTGGTTACTCTTCGACGCTCTAG 




CTAGAGCGTCGAAGAGTAACCAAAGGuub 1 bAAA 1 Ub I uaaulj i m 
CCAGAGGAGATGCCTCAAATCGCCGCCATCTCCGTCAGGAACCAA 

AGATTTGAGCAGATAATTTCACAGGAAAGAA 


JJJW 




GGCGATTTGAGGCATCT 


00 J i 




AGATGCCTCAAATCGCC 


5532 


White leaves 
Immutans 

Arabidopsis thaliana 
Leu12Term 

TTP TAP 

TTG-TAb 


GCTCAAATCI I IGGI ICCIUAUbGAGAIUUUUbUUAi I iuauuua 
TCTCCTCTGGTACGTAGACGATTTCACGGCCTTTGGTTACTCTTCG 
ACGCTCTAGAGCCGCCGTTTCGTACAGCTC 


oooo 


GAGCTGTACGAAACGGCGGCTCTAGAGOG 1 GbAAbAb 1 AAbbAAA 
pp o p a a atp rrrrTAPCTArnAGAGGAGATGCCTGAAATCGCC 
GCCATCTCCGTCAGGAACCAAAGATTTGAGC 


OOOH 




TGGTACGTAGACGATTT 


5535 




AAATCGTCIACGTACCA 


5536 


White leaves 
Immutans 

Arabidopsis thaliana 

Ser15Term 

TCA-TGA 


TTTGGTTCCTGACGGAGA 1 GGCGGCGA 1 1 1 CAGGCA 1 u 1 CU I u 1 u 
GTACGTTGACGATTTGACGGCCTTTGGTTACTCTTCGACGCTCTAG 

AGCCGCCGTTTCGTACAGCTCCTCTCACCG 


5537 


CGGTGAGAGGAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAG 
AGTAACCAAAGGCCGTCAAATCGTCAACGTACCAGAGGAGATGCC 
TGAAATCGCCGCCATCTCCGTCAGGAACCAAA 


5538 




GACGATTTGACGGCCTT 


5539 




AAGGCCGTCAAATCGTC 


5540 


White leaves 
Immutans 

Arabidopsis thaliana 

Arg22Term 

CGA-TGA 


■ GCGGCGAI 1 ICAGGOATC 1 CO rCTGG IACGI 1 GACGA 1 1 1 CACGG 
CCTTTGGTTACTCTTTGACGCTCTAGAGCCGCCGTTTCGTACAGCT 

CCTCTCACCGATTGCTTCATCATCTTCCTC 


5541 


GAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTGTACGAAACG 

GCGGCTCTAGAGCGTCAAAGAGTAACCAAAGGCCGTGAAATCGTC 

AACGTACCAGAGGAGATGCCTGAAATCGCCGC 


5542 




TTACTCTTTGACGCTCT 


5543 




AGAGCGTCAAAGAGTAA 


5544 
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White Ippvp^ 

VVIJJU7 ICCivuD 

Immutans 

Arabidopsis thaliana 

Arg25Term 

AGA-TGA 


TCAGGCATCTCCTCTGGTACG7TGACGAI I ICACGGCCI I IGGI I A 
CTCTTCGACGCTCTTGAGCCGCCGTTTCGTACAGCTCCTCTCACC 
GATTGCTTCATCATCTTCCTCTCTCTTCTC .. 


5545 


GAGAAGAGAGAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTG 
TACGAAACGGCGGCTCAAGAGCGTCGAAGAGTAACCAAAGGCCG 
TGAAATCGTCAACGTACCAGAGGAGATGCCTGA 


5546 


GACGCTCTTGAGCCGCC 


5547 




5548 


White leaves 

V VIII Iw IV/QVvO 

Immutans 

Lycopersicon 

esculentum 

Gly11Term 

GGA-TGA 


GATTCTTGTGGGAAGGAAGAAGGATCAAGAATGGCGATTTCGATTT 
CTGCTATGAGTTTTTGMCCTCAGTTTCTTCATATTCTTGTTTTAGA 
GCTAGGAG 1 1 1 1 GAGAAGTCATCAGTTT 


5549 


AAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACMGAATATGAA 
GAAACTGAGGTTCAAAAACTCATAGCAGAAATCGAAATCGCCATTC 
TTGATCCTTCTTCCTTCCCACAAGAATC 


5550 


TGAGI 1 1 1 1 GAACCTCA 


5551 


TGAGGTTCAAAAACTCA 


5552 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser13Term 

TCA-TGA 


GTGGGAAGGAAGAAGGATCAAGAATGGCGATTTCGATTTCTGCTA 
TGAGI 1 1 1 GGAACC 1 GAG 1 1 ICI ICAIAI ICI IGI 1 1 IAGAGCTAGG 
AGI 1 1 IGAGAAGTCATCAGTTTTATGCAA 


5553 


TTGCATAAAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGA 

ATATGAAGAAACTCAGGTTCCAAAACTCATAGCAGAAATCGAAATC 

GCCATTCTTGATCCTTCTTCCTTCCCAC 


5554 


TGGAACCTGAGTTTCTT 


5555 


AAGAAACTCAGGTTCCA 


5556 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser16Term 

TCA-TGA 


MGMGGATCMGMTGGCGATTTCGATTTCTGCTATGAGTTTTGG 
AACCTCAGTTTCTTGATATTCTTGI 1 1 1 AGAGCTAGGAGTTTTGAGA 
AGTCATCAG 1 1 1 1 ATGCAATTCCCAGAA 


5557 


TTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTAGCTC 
TAAAACAAGAATATCAAGAAACTGAGGTTCCAAAACTCATAGCAGA 
AATCGAAATCGCCATTCTTGATCCTTCTT 


5558 


AGTTTCTTGATATTCTT 


5559 


AAGAATATCAAGAAACT 


5560 


White Ipavp^ 

Immutans 

Lycopersicon 

esculentum 

Tyr17Term 

TAT-TAG 


AGGATCMGMTGGCGATTTCGATTTCTGCTATGAGTTTTGGAACC 
TCAGTTTCTTCATAGTCTTG 1 1 1 1 AGAGCI AGGAGTTTTGAGAAGTC 
ATCAGI 1 1 1 ATGCAATTCCCAGAACCCA 


5561 


TGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTA 
GCTCTAAAACMGACTATGAAGAAACTGAGGTTCCAAAACTCATAG 
CAGAAATCGAAATCGCCATTCTTGATCCT 


5562 


TCTTCATAGTCTTGTTT 


5563 


AAACAAGACTATGAAGA 


5564 
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I White leaves 
Immutans 
\Lycopersicon 
\esculentum 
Cys19Term 
TGT-TGA 



AAGAATGGCGATTTCGATTTCTGCTATGAG 1 1 1 IGGMCCTCAGTT 
TCTrcATA^CTTGATTTAGAGCTAGGAGTTTTGAGAAGTCATCAGT 

TTTATGCAATTCCCAGAAC^CATGTCGG 



CCGACATGGGTTCTGGGAATTGCATAAAACTGATGAUI rCTCAAAA 
CTCCTAGCTCTAAAICMGMTATGMGAMCTGAGGTTCCAAAAC 

T r^TA^ArsAAATCGAAATCGCCATTCTT . 



White leaves 
Immutans 
Capsicum annuum 
Ser13Term 
TCA-TGA 



I White leaves 
Immutans 

\Capsicum annuum 
Ser17Term 
TCA-TGA 



IWhite leaves 
Immutans 
Capsicum annuum 
Ser19Term 
TCA-TGA 



IWhite leaves 
Immutans 
Capsicum annuum 
Leu21Term 
TTG-TAG 



TATTCTTGATTTAGAGC 



GCTCTAAAICAAGAATA _ 

CGCGTCCGATAAAAAAATCAAGMTGGCGA II [^^I^^^IpT 
GAGTTnCGMCTTGAGTTTCTTCTTCATATTCAGCATTTTTGTGCA 

ATTCCMGAACCCAJTJJGTjTCAArTC 



5565 



5566 



5567 



r a ATTP A A ACAAAATGGGTTC TTGGAATTGCACAAAAA I GCTGAAT 
ATG^G^^^^CT^^GTTCGAAAACTCATAGCAGATATGGAAAT 

rr^rATTPTTGATTTTTTTATCGGACGCG 



5568 
5569 



TCGAACTTGAGTTTCTT 



AAGAAACTCAAG TTCGA ^ 

AAAAATCAAGAATGGCGATTTCCATATC I GC ^^^JAACT 
TCAGTnCTTCTTGATATTCAGCATTTTTGTGCAATTCCAAGAACCC 

ATTTTGTTTG MTTCTCTATTTTCACT =^77^7 

AGTGAAMTAGAGMTTCAMCAAMTGGGTTCTTGGMTT 
AAAATGCTGAATATCAAGAAGAAACTGAAGTTCGAAAACTCATAGC 

a n at atcg A A ATP.GCC ATTCTTGATTTTT _ 



5570 



5571 



TTCTTCTTGATATTCAG 



CTGAATATCAAGAAGAA ^ 

CAAGAATGGCGATTTCCATATCTGC I A I GAG 1 1 1 iLbAAtl I CAGT 
TTCTTCnCATATTGAGCATTm 
nTTTGAATTCTCTATTTTCACTTAGGAA 



5574 



5575 



TTCCTMGTGAAMTAGAGMTTCAAACAAMTGGGTTCTTGGAATT 
GCACAMAATGCTCMTATGMGMGAMCTGMGTTCGAAAACTC 

ATA^rAGATATGGAAATCGCCATTCTTG _ 



TTCATATTGAGCATTTT 



AAAATGCTCAATATGAA 

CGATTTCC ATATCTGCTATGAG 1 1 1 1 (JGAACTTCAGTl K^TCTTCA 
TATTCAGCATmAGTGCMTTCCMGMCCCATmGmGMTTC 

jrTATTTTrAnTTAGGAATTCTCATAG 



5576 
5577 



5578 



5579 
5580 



CTATGAGAATTCCTAAGI GAAMTAGAGMTTCAMCAAAATGGGJT 
CTTGGMTTGCACTAAAATGCTGAATATGAAGAAGAAACTGAAGTT 

m a A A AP.Tp, ATAGCAGATATGGAAATCG _ _ 



AGCATTTTAGTGCAATT 



AATTGCACIAAMTGCT 



5581 



5582 



5583 
5584 
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White leaves 
Immutans 
Capsicum annuum 
Cys22Term 
TGC-TGA 


TTCCATATCTGCTATGAGTTTTCGMCTTCAGTTTCTTCTTCATATT 
CAGCAI 1 1 1 IGIGAAAI 1 CCAAGAACCCA 1 1 1 IGTTTGAATTCTCTA 
TTTTCACTTAGGAATTCTCATAGAACT 


5585 


AGTTCTATGAGMTTCCTAAGTGAAAATAGAGAATTCAAACAAAATG 

GGTTCTTGGAATTTCACAAAAATGCTGAATATGAAGAAGAAACTGA 

AGTTCGAAAACTCATAGCAGATATGGAA 


5586 


MM IGIGAAAI ICCAA 


5587 


TTGGAATTTCACAAAAA 


5588 


White leaves 
Immutans 
Oryza sativa 
Glu22Term 
GAG-TAG 


TTCGGCACGAGGGAGAAGGAGCAGACCGAGGTGGCCGTCGAGG 

AGTCCTTCCCCTTCAGGTAGACGGCTCCTCCTGACGAGCCACTGG 

TCACCGCCGAGGAGAGCTGGGTGGTTAAGCTCG 


5589 


CGAGCTTAACCACCCAGCTCTCCTCGGCGGTGACCAGTGGCTCG 
TCAGGAGGAGCCGTCTACCTGAAGGGGAAGGACTCCTCGACGGC 
CACCTCGGTCTGCTCCTTCTCCCTCGTGCCGAA 


5590 


CCTTCAGGTAGACGGCT 


5591 


AGCCGTCTACCTGAAGG 


5592 


White leaves 
Immutans 
Oryza sativa 
Glu28Term 
CAG-TAG 


GAGCAGACCGAGGTGGCCGTCGAGGAGTCCTTCCCCTTCAGGGA 
GACGGCTCCTCCTGACIAGCCACTGGTCACCGCCGAGGAGAGCT 
GGGTGGTTAAGCTCGAGCAGTCCGTGAACATTT 


5593 


AAATGTTCACGGACTGCTCGAGCTTAACCACCCAGCTCTCCTCGG 
CGGTGACCAGTGGCTAGTCAGGAGGAGCCGTCTCCCTGAAGGGG 
AAGGACTCCTCGACGGCCACCTCGGTCTGCTC 


5594 


CTCCTGACTAGCCACTG 


5595 


CAGTGGCTAGTCAGGAG 


5596 


White leaves 
Immutans 
Oryza sativa 
Glu34Term 
GAG-TAG 


GTCGAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGA 
GCCACTGGTCACCGCCIAGGAGAGCTGGGTGGTTAAGCTCGAGC 
AGTCCGTGAACA 1 1 1 1 CCTCACGGAGTCAGTCA 


5597 


TGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCTTAA 
CCACCCAGCTCTCCTAGGCGGTGACCAGTGGCTCGTCAGGAGGA 
GCCGTCTCCCTGAAGGGGAAGGACTCCTCGAC 


5598 


TCACCGCCTAGGAGAGC 


5599 


GCTCTCCTAGGCGGTGA 


5600 


White leaves 
Immutans 
Oryza sativa 
Glu35Term 
GAG-TAG 


GAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCC 
ACTGGTCACCGCCGAGTAGAGCTGGGTGGTTAAGCTCGAGCAGT 
CCGTGAACA 1 1 1 1 CCTCACGGAGTCAGTCATCA 


5601 


TGATGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCT 
TAACCACCCAGCTCTACTCGGCGGTGACCAGTGGCTCGTCAGGA 
GGAGCCGTCTCCCTGAAGGGGAAGGACTCCTC 


5602 


CCGCCGAGTAGAGCTGG 


5603 


CCAGCTCTACTCGGCGG 


5604 
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10 



15 



20 



25 



[White leaves 
Immutans 
Oryza sativa 
Trp37Term 
TGG-TGA 



CTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCCAU I uGTCAC 
CGCCGAGGAGAGCTGAGTGGTTAAGCTCGAGCAGTCCGTGAACA 

TTTTCnTCACGGAGTCAGTCATCACGATACTT 



MGTATCGTGATGACTGACTCCGTGAGGAAMTGTTCACGGACTG 
CTCGAGCTTAACCACICAGCTCTCCTCGGCGGTGACCAGTGGCTC 
ftTrAflfiAGGAGCCGTCTCCCTGAAGGGGAAG 



GAGAGCTGAGTGGTTAA 



White leaves 
Immutans 
Triticum aestivum 
Trp22Term 
TGG-TGA 



I White leaves 
Immutans 
Triticum aestivum 
Arg25Term 
AGA-TGA 



I White leaves 

Immutans 
Writicum aestivum 

Glu27Term 

GAG-TAG 



[White leaves 
Immutans 
Triticum aestivum 
Gln28Term 
C AG-TAG 



TTAACCACJCAGCTCTC 

TCCGGAGGAGGAAGGGGGATTCGACGAGGAGCTCACUUrCGCCG 
GCGAGGACGGCGACTGAGTCGTCAGATTCGAGCAGTCCTTCAAC 
nTATTCCTCACGGATACTGTCATCTTTATACTC 



5605 



5606 



5607 



GAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAAGGACTG 
CTCGAATCTGACGACICAGTCGCCGTCCTCGCCGGCGAGGGTGA 

GCTCCTCGTCGMTCCCCCTTCCTCCTCCGGA 

GGCGACTGAGTCGTCAG 



CTGACGACICAGTCGCC 

GAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGG 
ACGGCGACTGGGTCGTCIGATTCGAGCAGTCCTTCAACGTATTCC 
TrAnfiRATACTGTCATCTTTATACTCGATATTC 



5608 
5609 



5610 



5611 



GAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAA 
GGACTGCTCGAATCAGACGACCCAGTCGCCGTCCTCGCCGGCGA 
^rraAttfrrenTCCTCGMTCCCCCTTCCTC 



GGGTCGTCIGATTCGAG 



CTCGAATCAGACGACCC 

GGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCG 
ACTGGGTCGTCAGATTCTAGCAGTCCTTCAACGTATTCCTCACGGA 

TAOTRTCATCTTTATACTCGATATTCTGTATC 



5612 
"5613" 



5614 



5615 



GATACAGMTATCGAGTATAMGATGACAGTATCCGTGAGGMTAC 
GTTGAAGGACTGCTAGAATCTGACGACCCAGTCGCCGTCCTCGCC 
finnGAGGGTGAGCTCCTCGTCGAATCCCCC . 



TCAGATTCTAGCAGTCC 



GGACTGCTAGAATCTGA 

GGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGAUGGCGACTG 
GGTCGTCAGATTCGAGIAGTCCTTCMCGTATTCCTCACGGATACT 

PiTCATCTTTATACTCGATATTCTGTATCGTG 



5616 
"5617" 



5618 



CACGATACAGAATATCGAGTATAAAGATGACAG I ATCCGTGAGGM 
TACGTTGAAGGACTACTCGAATCTGACGACCCAGTCGCCGTCCTC 

nr.nGGCGAGGGTGAGCTCCTCGTCGAATCC 



GATTCGAGIAGTCCTTC 



GAAGGACTACTCGAATC 



5619 
5620 
"5621" 



5622 



5623 



5624 
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White leaves 
Immutans 
Triticum aestivum 


CGAGCAGTCCTTCAACGTATTCCTCACGGATACTGTCATCTTTATA 
CTCGATATTCTGTAGCGTGACCGCGACTACGCAAGGTTCTTCGTG 
CTCGAGACCATCGCCAGGGTGCCCTATTTC 


5625 


Tyr46Term 
TAT-TAG 


GAMTAGGGCACCCTGGCGATGGTCTCGAGCACGMGAACCTTG 
CGTAGTCGCGGTCACGCTACAGAATATCGAGTATAAAGATGACAG 
TATCCGTGAGGAATACGTTGAAGGACTGCTCG 


5626 




ATTCTGTAGCGTGACCG 


5627 




CGGTCACGCTACAGAAT 


5628 
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Example 9 
Altering amino acid content of plants 

Another aim of biotechnology is to generate plants, especially crop plants, with added value 
traits. An example of such a trait is improved nutritional quality in food crops. For example, lysine, 
5 tryptophan and threonine, which are essential amino acids in the diet of humans and many animals, are 
limiting nutrients in most cereal crops. Consequently, grain-based diets, such as those based on corn, 
barley, wheat rice, maize, millet, sorghum, and the like, must be supplemented with more expensive 
synthetic amino acids or amino-acid-containing oilseed protein meals. Increasing the lysine content of these 
grains or of any of the feed component crops would result in significant added value. 
! o Naturally occurring mutants of plants that have different levels of particular essential amino 

acids have been identified. However, these mutants are generally not the result of increased free amino 
acid, but are instead the result of shifts in the overall protein profile of the grain. For example, in maize, 
reduced levels of lysine-deficient endosperm proteins (prolamines) are complemented by elevated levels of 
more lysine-rich proteins (albumins, globulins and glutelins). While nutritionally superior, these mutants are 
1 5 associated with reduced yields and poor grain quality, limiting their agronomic usefulness. 

An alternative approach is to generate plants with mutations that render key amino acid 
biosynthetic enzymes insensitive to feedback inhibition. Many such mutations are known and mutation 
results in increased free amino acid. The increased production can optionally be coupled to increased 
expression of an abundant storage protein comprising the chosen amino acid. Alternatively, a normally 
20 abundant protein can be engineered to contain more of the target amino acid. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that remove feedback inhibition in plant amino acid biosynthetic 
enzymes. 
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Table 19 

Genome-Altering Oligos Conferring Amino Acid Overproduction 



Phenotype, Gene, 
Plant & Targeted 
Alteration . 




SEQID 


Altering Oligos . 


NO: 


Met Overproduction 
CGS 

Arabidopsis thaliana 


TATCCTCCAGGATCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCT 
GAGCATTAAAGCCCATAGAAACTGTAGCAACATCGGTGTTGCACA 
GATCGTGGCGGCTAAGTGGTCCAACAACCC 


5629 


Arg77His 
CGT-CAT 


GGGTTGTTGGACCACTTAGCCGCCACGATCTGTGCAACACCGAT 
GTTGCTACAGTTTCTATGGGCTTTAATGCTGAGCTGACGGACGAA 

ATTAr>r>Ar»/^A A AT/^TTA A AT/^r^T/^r* A AT A 

ATTAGGAGGAAATCTTAAGATCCTGGAGGATA 


5630 




TAAAGCCCATAGAAACT 


5631 




AGTTTCTAIGGGCTTTA 


5632 


Met Overproduction 
CGS 


I CI IAAGAI I ICC ICC I AA 1 1 1 CGTCCGTCAGCTGAGCATTAAAGC 
CCGTAGAAACTGTAACAACATCGGTGTTGCACAGATCGTGGCGG 


5633 


Arabidopsis thaliana 


CTAAGTGGTCCAACAACCCATCCTCCGCGTT 




Ser81Asn 
AGC-AAC 


AACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCCACGATCTG 
TGCAACACCGATGTTGTTACAGTTTCTACGGGCTTTAATGCTCAGC 

TA A /^/"\/** A f^/S AAA T T A A AAA TO 1 1 A A /"N A 

TGACGGACGAAATTAGGAGGAAATCTTAAGA 


5634 




AAACTGTAACAACATCG 


5635 




CGATGTTGTTACAGTTT 


5636 | 


Met Overproduction 
CGS 


TTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAA 
ACTGTAGCAACATCAGTGTTGCACAGATCGTGGCGGCTAAGTGGT 


5637 


Arabidopsis thaliana 


CCAACAACCCATCCTCCGCGTTACCTTCGG 




Gly84Ser 
GGT-AGT 


CCGAAGGTAACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCC 
ACGATCTGTGCAACACIGATGTTGCTACAGTTTCTACGGGCTTTAA 

— 1— ^K"^* f*K A ^\ /NT /^V A AN /■* A AN /"N AAA 1 1 1 1 A /**N A AAA 

TGCTCAGCTGACGGACGAAATTAGGAGGAAA 


5638 




GCAACATCAGTGTTGCA 


5639 




TGCAACACTGATGTTGC 


5640 


Met Overproduction 
CGS 


TTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAAA 
CTGTAGCAACATCGATGTTGCACAGATCGTGGCGGCTAAGTGGTC 


5641 


Arabidopsis thaliana 


CAACAACCCATCCTCCGCGTTACCTTCGGC 




Gly84Asp 
GGT-GAT 


GCCGAAGGTAACGCGGAGGATGGGTTGTTGGACCACTTAGCCGC 
CACGATCTGTGCAACATCGATGTTGCTACAGTTTCTACGGGCTTTA 
ATGCTCAGCTGACGGACGAAATTAGGAGGAA 


5642 




CAACATCGATGTTGCAC 


5643 




GTGCAACATCGATGTTG 


5644 . 
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Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 



SEQID 

NO: 



J Met Overproduction 

iCGS 

Fragraria vesca 
| Arg73His 
CGC-CAC 



[Met Overproduction 

ICGS 

Fragraria vesca 
Ser77Asn 
lAGC-AAC 



| Met Overproduction 
CGS 

Fragraria vesca 
Gly80Ser 
GGC-AGC 



TATCGTCAC I CA I CCTCCGC I 1 CCC I UUUAAU 1 1 Ob I CCGCCAGC 
TCAGCACCAAGGCCCACCGCAACTGCAGCAACATCGGCGTCGCG 

HAGATCGTCGCGGCTTCGTGGTCCAACAAAGA 



TCTTTGTTGGACCACGAAGCCGCGACGATCTGCGCGACGCCGAT 
GTTGCTGCAGTTGCGGTGGGCCTTGGTGCTGAGCTGGCGGACGA 

AGTTGGGAGGGAAGCGGAGGATGAGTGACGATA 

CAAGGCCCACCGCAACT 



A GTTGCGGIGGGCCTTG 

fcCTCCGCTTCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAG 
GCCCGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGC 
nnnTTCGTGGTCCAACAAAGACTCCGACCTTTC 



5645 



5646 



5647 



GAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGCGACGATCTG 
CGCGACGCCGATGTTGTTGCAGTTGCGGCGGGCCTTGGTGCTGA 
Gf:TftfiCGGACGAAGTTGGGAGGGAAGCGGAGGA 



CAACTGCAACAACATCG 



CGATGTTGJTG CAGTTG 

TTCCCTCCCMCITCGTCCGCCAGUTCAGCACCAAGGCCCGCCb 
CAACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCGGCTTCGT 
RffrnCAACAAAGACTCCGACCTTTCGGCGGTGC 



5648 
5649 



5650 



5651 



GCACCGCCGAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGCG 
ACGATCTGCGCGACGCIGATGTTGCTGCAGTTGCGGCGGGCCTT 
GfiTfiCTGAGCTGGCGGACGAAGTTGGGAGGGAA 



GCAACATCAGCGTCGCG 



Met Overproduction 
CGS 

Fragraria vesca 
Gly80Asp 
l GGC-GAC 



CGCG ACGCIGATGTTGC = 

TCCCTCCCAACTTCGTCCGCCAGCTCAGUAUUAAbGCCUbUUbU 
AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCGGCTTCGTG 
PiTnnAACAAAGACTCCGACCTTTCGGCGGTGCC 



5652 
"5653" 



5654 



5655 
5656 



GGCACCGCCGAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGC 
GACGATCTGCGCGACGICGATGTTGCTGCAGTTGCGGCGGGCCT 
TfiGTGCTGAGCTGGCGGACGAAGTTGGGAGGGA . 



CAACATCGACGTCGCGC 



5658 



Met Overproduction 
CGS 

Glycine max 
l Arg68His 
CGC-CAC 



GCGCG ACGICGATGTTG 

TCTCCTCCC ICATCCTCCGCl ICCCTCCCAACI I CCAGCGCCAbO 
TAAGCACCAAGGCGAGCCGCAACTGCAGCAACATCGGCGTCGCG 

HAAATCGTCGCCGCTTCGTGGTCGAACAACAG 



CTGTTGTTCGACCACGAAGCGGCGACGATTTGCGCGACGCCGAT 
GTTGCTGCAGTTGCGGCICGCCTTGGTGCTTAGCTGGCGCTGGA 
AftTTGGGAGGGAAGCGGAGGATGAGGGAGGAGA 



5659 
5660 
166T 



5662 



I CCAAGGCGAGCCGCAAC 
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Pheriptype, Gene, 




■.yyyyyyyl ^00^ 


• 

■y.^y.yyy:^ 




P!ant& Targeted 
■ Alteration 


Altering Oiigos 


SEQ1D 

NO: . 








GTTGCGGCICGCCTTGG 


5664 


Met Overproduction 
CGS 

Glycine max 


TCCTCCGCTTCCCTeCCAACTTCCAGCGCCAGCTAAGCACCAAG 

GCGCGCCGCAACTGCAACMCATCGGCGTCGCGCAMTCGTCGC 

CGCTTCGTGGTCGAACAACAGCGACAACTCTCC 


5665 


Ser72Asn 


GGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGCGACGATTTG 


5666 


AGC-AAC 


CGCGACGCCGATGTTGTrGCAGTTGCGGCGCGCCTTGGTGCTTA 
GCTGGCGCTGGAAGTTGGGAGGGAAGCGGAGGA 






CAACTGCAACAACATCG 


5667 




CGATGTTGTTGCAGTTG 


5668 


Met Overproduction 
CGS 


TTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAAATCGTCGCCGCTTCGT 


r- r\ 

5669 


Glycine max 


GGTCGAACAACAGCGACAACTCTCCGGCCGCCG 




Gly75Ser 
GGC-AGC 


CGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGAA 


5670 




GCAACATCAGCGTCGCG 


5671 




CGCGACGCIGATGTTGC 


5672 


Met Overproduction 
CGS 


TCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAAATCGTCGCCGCTTCGTG 


5673 


Glycine max 


GTCGAACAACAGCGACAACTCTCCGGCCGCCGG 




Giy75Asp 
GGC-GAC 


CCGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGA 


| 5674 j 




CAACATCGACGTCGCGC 


5675 , 




GCGCGACGTCGATGTTG 


5676 


Met Overproduction 
CGS 


TGTCTTCTCTGAl 1 1 lUAbbl 1 lOblbUIAAl 1 1 CGTGAGGCAGCT 
.AAGCATTAAGGCTCACAGGMTTGCAGCAATATTGGCGTGGCTCA 


5bf / 


Solanum tuberosum 


A ATT AT/\ /N A n A A\7^T AOT A AT AT A A /*N A A /"\ /"\ A 

AGTTGTGGCGGCTTCCTGGTCTAACAACCA 




Arg70His 


TGGTTGTTAGACCAGGAAGCCGCCACAACTTGAGCCACGCCAATA 


5678 


AGG-CAC 


TTGCTGCAATTCCTGTGAGCCTTAATGCTTAGCTGCCTCACGAAAT 
TAGGAGGAAACCTGAAAATCAGAGAAGACA 






TAAGGCTCACAGGAATT 


5679 




AATTCCTGTGAGCCTTA 


5680 


Met Overproduction 
CGS 


1 1 1 ICAGGI 1 ICCICCIAAI 1 1 CGTGAGGCAGCTAAGCATTAAGGC 
TAGGAGGAATTGCAACAATATTGGCGTGGCTCAAGTTGTGGCGG 


5681 


Solanum tuberosum 


CTTCCTGGTCTAACAACCAAGCCGGTCCTGA 




Ser74Asn 
AGC-AAC 


TCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCCACAACTTG 

AGCCACGCCAATATTGTTGCAATTCCTCCTAGCCTTAATGCTTAGC 

TGCCTCACGAAATTAGGAGGAAACCTGAAAA 


5682 
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Plant & Targeted 


Altering Oligos 

• 

. — . — 

p A ATT72P A A P A AT ATTft 


^EQ ID 
NO; 


Alteration f 


5683_] 


Met Overproduction 
CGS 

Solanum tuberosum 


P A ATATT^TTftP A ATTP 

^ AA 1 A 1 i OJl 1 Oor\rv I I w 1 

tttpptpptaai I irUTnAGGCAGCTAAGCATTAAGGCTAGGAGG 1 

AATTGCAGCAATATTAGCGTGGCTCAAGTTGTGGCGGCTTCCTGG 

TCTAACAACCAAGCCGGTCCTGAATTCACTC 


5684J 
5685 


Gly77Ser 
GGC-AGC 


rArTnAATTrAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCC 

ACAACTTGAGCCACGCTAATATTGCTGCAATTCCTCCTAGCCTTAA 

TGCTTAGCTGCCTCACGAAATTAGGAGGAAA 


5686 




PPAATATTAftP(TTn(nnT 


5687 1 




A PPP APf^PTA AT ATTftO 

AOwwAwVJ wJ_Mtt 1 r\ 1 1 v30 


5688 1 


Met uverpro auction 
CGS 

Solanum tuberosum 

GIy77Asp 

GGC-GAC 


TTCCTCCTAAI 1 1 CG 1 GAGGCAGCTAAGCATTAAGGU 1 AGGAGGA 
ATTGCAGCAATATTGACGTGGCTCAAGTTGTGGCGGCTTCCTGGT 
CTAACAACCAAGCCGGTCCTGAATTCACTCC 


5689 


nrArTrsAATTrAnGArrGGCTTGGTTGTTAGACCAGGAAGCCGC 

CACAACTTGAGCCACGICAATATTGCTGCAATTCCTCCTAGCCTTA 

ATGCTTAGCTGCCTCACGAAATTAGGAGGAA 


5690 




p a atatth APriTr^r^PTP 


5691 




GAGCCACGTCAA 1 A 1 1 b 


5692 | 


Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Arg73His 
CGC-CAC 


PTTPPTPTrTTATCO'l ICGCI 1 ICCICCCAACI 1 1 GTCCGTCAGCT 
CAGCACCAAGGCTCGCCACAACTGCAGCAACATTGGTGTCGCAC 

AGGTCGTCGCTGCCTCCTGGTCCAACAACTC 


5693 


. / -.-n-oT-ror> app app Apr;r Anrf^ArftAnCTGTGCGACACCAAT 
GTTGCTGCAGTTGTGGCGAGCCTTGGTGCTGAGCTGACGGACAA 
AGTTGGGAGGAMGCGAAGGATAAGAGAGGAAG 


5694 


GGCTCGCCALAAL 1 oL-A . . 


5695 




TGCAGTTGTGGCGAGCC 


5696 | 


Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Ser77Asn 
AGC-AAC 


' TCCTTCGCTTTCCTCCCAAC! 1 TGTCCGTCAGCTCAGCACCAAGG 
CTCGCCGCAACTGCAACAACATTGGTGTCGCACAGGTCGTCGCT 

GCCTCCTGGTCCAACAACTCCGATGCCGGCGC 


5697 


GCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGCGACGACCT 
GTGCGACACCAATGTTGTTGCAGTTGCGGCGAGCCTTGGTGCTG 
AGCTGACGGACAAAGTTGGGAGGAAAGCGAAGGA 


5698 | 


CAACTGCAACAACATTG 


5699 
C7nn 



CAATGTTGTTGCAGTTG 
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Plants Targeted V ; : 
Alteration 


: Altering Gfigos 

;-x-:-:-:<wX<<<s<-:-:->:-xx^x-xo-:-x-x-^ 


NO; 










Met uverproauction 
CGS 


1 1 1 1 bOUAAG 1 1 1 b 1 Uub 1 UAbL» 1 OAbOALrOAAbbU 1 LrbvA/bU 

AACTGCAGCAACATTAGTGTCGCACAGGTCGTCGCTGCCTCCTG 


0/U1 




Mesembryanthemum 


blbUAAuAAC 1 UCbAI bvXrbbCbGUALL 1 C 1 1 






crystallinum 


A A A /^/-^T'/^/^O/^/^/^/ 1 ^ OO ATA/^O A /">T 1 O'l 1 OO A 00 A AO A OOO A OO 

MGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGC 


5702 


5 


G!y80Ser 
GGT-AGT 


GACGACCTGTGCGACACTAATGTTGCTGCAGTTGCGGCGAGCCT 
TGGTGCTGAGCTGACGGACAAAGTTGGGAGGAAA 








OO A A O A 1 1 A OTOTOOO A 

GCAACATTAGTGTCGCA 


570o 






TGCGACACIAATGTTGC 


5704 




Met Overproduction 
CGS 


TTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGGCTCGCCGCA 
ACTGCAGCAACATTGATGTCGCACAGGTCGTCGCTGCCTCCTGG 


5705 




Mesembryanthemum 


TCCAACAACTCCGATGCCGGCGCCACCTCTTG 




10 


crystallinum 

Gly80Asp 

GGT-GAT 


CAAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAG 
CGACGACCTGTGCGACATCAATGTTGCTGCAGTTGCGGCGAGCC 
TTGGTGCTGAGCTGACGGACAAAGTTGGGAGGAA 


5706 






CAACATTGATGTCGCAC 


5707 






GTGCGACATCAATGTTG 


5708 




Met Overproduction 
CGS 


CCTCTGCTACCATCCTCCGCTTTCUUUCAAACT I I U I (JCJGUCAGC 
TTAGCACCAAGGCACACCGCAACTGCAGCAACATCGGCGTCGCG 


5709 


15 


Zea mays 


CAGATCGTCGCCGCCGCGTGGTCCGACTGCCC 






Arg41His 


GGGCAGTCGGACCACGCGGCGGCGACGATCTGCGCGACGCCGA 


5710 




CGC-CAC 


TGTTGCTGCAGTTGCGGTGTGCCTTGGTGCTAAGCTGGCGGACA 
AAGTTTGGCGGAAAGCGGAGGATGGTAGCAGAGG 








CAAGGCACACCGCAACT 


5711 






A O 1 1 'OOOOTOTOOOT'T'O 1 

AGTTGCGGTGTGCCTTG 


5712 




Met Overproduction 
CGS 


TOOTOOOOTTTOOOOO A A AOl 1 '! A T AA P A PAPPTTA POAPPA A OO 

1 UU 1 OUbLr 1 1 1 OLrbULrAAALr 1 1 I b 1 ULbOOAbU 1 1 AbUAUbAAbb 

CACGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGCC 


0/ iO 


on 


Zea mays 


bCbGCblbbTCCbALTbOOLbbOUbb lObOLrb 






ber45Asn 


GGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGGCGACGATC 


5714 




AbU-AAG 


Tr^r^r^c^r* a r^r^r^r^r* a to t i ottoo a ottooooootoootxootoot 
TbCGCGACGCCGATGTTbTTbOAGTTGCGbCbTbbuTTbbT 

AAGCTGGCGGACAAAGTTTGGCGGAAAGCGGAGGA 








o a a otoo a a o a a o a too 

CAACTGCAACAACATCG 


571 o 






CGATGTTGTTGCAGTTG 


5716 




Met Overproduction 
CGS 


1 1 ICCGCCAAACI 1 1 G 1 CCGCCAGCTTAGCACCAAGGCACGCCGC 
AACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCCGCCGCGTG 


5717 


25 


Zea mays 


GTCCGACTGCCCCGCCGCTCGCCCCCACTTAG 






Gly48Ser 


CTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGG. 


5718 




GGC-AGC 


CGACGATCTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGTGCC 
TTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAAA 








GCAACATCAGCGTCGCG 


5719 
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Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 





SEQID 
NO: 



CGCGACGCIGATGTTGC 



Met Overproduction 
CGS 

Zea mays 
Gly48Asp 
GGC-GAC 



vlet Overproduction 
S 

Arabidopsis thaliana 

Leu205Arg 

CTT-CGT 



nCCGCCAMCITTGTCCGCCAGCTTAGUAUU/^u^UA^o^o 
AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCCGCCGCGTG 
^Tr.nfiACTGCCCCGCCGCTCGCCCCCACTTAGG 



CCTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCG 
GCGACGATCTGCGCGACGICGATGTTGCTGCAGTTGCGGCGTGC 
CTTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAA 

CAACATCGACGTCGCGC _ 



GCGCGACGICGATGTTG 



GMGTTTCAAGGATCGTGGAATGACTGTTTTGGTTAGTCAAGTTAA 
TP.fiTCTGAGAAAGATGAAACGACCTGTGGT 



5721 
"5722" 



5723 



5724 



ACCACAGGTCGTTTCATCTTTCTCAGACGATTAACTTGACTAACCA 
AAACAGTCATTCCACGATCCTTGAAACTTCCTGTATGACTAATCCC 

AfiACTCflTTCACCCACAGATCATTCATAC 



CAAGGATCGTGGAATGA 



TCATTCCACGATCCTTG 



5726 



5727 



Met Overproduction 
TS 

Solatium tuberosum 

Leu198Arg 

CTT-CGT 



G^ATGACTGATTTGTGGGTCAAACACTCS I UUUA I iaGCCAIAUIU 
GTAGTTTTMGGATCGTGGGATGACTGTTTTGGTGAGTCAAGTTAA 

TrftnTTGCGGAAAATGCATAAACCGGTTGT 



ACMCCGGTTTATGCATTTTCCGCAAGCGATTAACTTGACTCACCA 
AAACAGTCATCCCACGATCCTTAAAACTACCAGTATGGCTAATCCC 
ArAttTnTTTfiACCCACAAATCAGTCATGC 



TAAGGATCGTGGGATGA 



TCATCCCACGATCCTTA 



Lys Overproduction 

DHPS 

Zea mays 

Ser157Asn 

AGC-AAC 



TCATTGGGCACACAGTGAAC I GCTTTGGC 1 <J I AUAATCAAAti I UA 
TAGGCAACACAGGAAACAACTCaACCAGAGaAGCCGTCCACGCA 

ArAfi AAnAGGGATTTGCTGTTGGCATGCATGC 

GCATGCATGCCAACAGCAAATCCCTGTTCTGTTGCGTGGACGGCT 
TCTCTGGTTGAGTTGTTTCCTGTGTTGCCTATCACTTTGATTCTAG 
AGCCAaAGCAGTTCACTGTGTGCCCAATGA 



5728 
"5729" 



5730 



5731 



5732 



CACAGGAAACAACTCAA 



Lys Overproduction 
DHPS 
Zea mays 
Ala166Val 
GCA-GAA 



TTGAG TTGTTTCCTGTG 

GCTCTAGAATCAAAGTGA I AGGCAACACAGCiAAGCAACTCAAUCA 

gagaagccgtccacgaaacagaacagggatttgctgttggcatg 

rATfinnGCTCTCCACATCAATCCTTACTACGG 



5733 



5734 



5735 
5736 



CCGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGC 
AMTCCCTGTTCTGTTTCGTGGACGGCTTCTCTGGTTGAGTTGCTT 

CCTGTGTTGCCTATCACTTTGATTCTAGAGC 



5738 



WO 01/92512 



-128- 



PCT/US01/17672 









Plant & Targeted 
Alteration 






Altering Oligos 

■yyyyyy'v'-^ 

■ 


SEQ1D 
NO; 




A ATA A * A A A A A/^A/^A A r\ 

UbTCrC/ACGAAACAGAAC 


5739 




A 1 1 AT ATTJA /~*T A y\ A /"V A 

GTTCTGl ITCGTGGACG 


5740 


Lys uverprooucuon 

DHPS 

Zea mays 


PPPTPTAP A ATPA A APTPATAPPPA APAPAPOA A/*"*/"* A A f^Tf^ A A 

bbU 1 U 1 AoAA 1 UAAAb 1 bA 1 AobUAAUAUAbbAAbb AAb 1 b AAbb 

AGAGAAGCCGTCCACACAACAGAACAGGGATTTGCTGTTGGCAT 
GCATGCGGCTCTCCACATCAATCCTTACTACG 


5741 


Aiaioo I Ml 
GCA-ACA 


AA TA A TA A r>/> ATT/^ ATOT/^A^ A A /^A AT/">A A T/^/^^ A A A A A A A A 

CGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGCAA 

ATCCCTGTTCTGTTGTGTGGACGGCTTCTCTGGTTGAGTTGCTTC 

CTGTGTTGCCTATCACTTTGATTCTAGAGCC 


5742 




/■"•/^/"VTA A A A A A A A A A A A A 

CCGTCCACACAACAGAA 


5743 




TTCTGTTGTGTGGACGG 


1 7 * A 

5744 


Lys uverproauction 
DHPS 

Oryza sativa 


'1 I'A'l 1 PPPPATAPAPI 1 A A PTPPTTTPPP A OT A A A AT — TA A A /""*T/""*/"**T 

1 IAJ IbbbOArAOAbTTAAoTfjUl 1 1 GGCACTAAAATTAAAGTGGT 

CGGCAACACAGGAAATAACTCAACAAGGGAGGCTATTCACGCAAC 

TGAGCAGGGATTCGCTGTAGGTATGCACGC 


5745 


oenz4Asn 
AGT-AAT 


/~\ f\ /"*T /"** AT A A A' 1* A A A /""» /*\ /"\ A A T^** A AT/"~» ATA A 1 1 ' /*> /*N /~V*T" A AT* A /"XANA 

GCGTGCATACCTACAGCGAATCCCTGCTCAGTTGCGTGAATAGCC 
TCCCTTGTTGAGTTATTTCCTGTGTTGCCGACCACTTTAAJ 1 1 IAGT 
GCCAAAGCAGTTAACTGTATGCCCAATAA 


5746 




A A /""* A A ATA A ATAA A 

CACAGGAAATAACTCAA 


5747 




TTA A /~*TT a TTrr»/^Tr>Tr» 

TTGAGTTAi 1 1 CCTGTG 


5748 


Lys Overproduction 
DHPS 

Oryza sativa 


A ( X "T AAA A'l F A A A PTPOTPPPP A A /"** A A A A A A A AT A A OTA"* A A A A A 

bOAO 1 AAAATTAAACaTGGTCGGCAACACAGGAAGTAACTCAACAA 
GGGAGGCTATTCACGTAACTGAGCAGGGATTCGCTGTAGGTATG 
CACGCGGCTCTCCACATCAATCCTTACTACGG 


r- —7 A r\ 

5749 


Aiai oo vai 
GCA-GTA 


CCGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGC 
GAATCCCTGCTCAGTTACGTGAATAGCCTCCCTTGTTGAGTTACTT 
CCTGTGTTGCCGACCACTTTAA 1 1 1 IAGTGC 


5750 




TA 1 1 AA AA"~TA A ATA A A A 

TATTCACGTAACTGAGC 


5751 




ATf* A /'VI 1 A /"V ATA A A T A 

GCTCAGTTACGTGAATA 


5752 


Lys uverproaucnon 

DHPS 

Oryza sativa 


OPr* A /"^T* A A A AT — T A A A /~*T/" , */'**TA/*N A A A A A A A A a A A AT A A ATA A A A A 

bGOAO 1 AAAA 1 1 AAAGTGbTGGGoAACACAGGMGTAACTCAACA 

AGGGAGGCTATTCACACAACTGAGCAGGGATTCGCTGTAGGTAT 

GCACGCGGCTCTCCACATCAATCCTTACTACG 


5753 


Aia loo i nr 
GCA-ACA 


A AT A /">T A A /"N/"* A 1 1 AT/"**T/""* A A A /"**AA/*NA ATAA AT A AAT A A A /"\A/""\ 

CGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGCG 
AATCCCTGCTCAGTTGTGTGAATAGCCTCCCTTGTTGAGTTACTTC 
CTGTGTTGCCGACCACTTTAA 1 1 1 IAGTGCC 


5754 




CTATTCACACAACTGAG 


5755 




CTCAGTTGIGTGAATAG 


5756 


Lys Overproduction 
DHPS 1 

Tritimm aexihnim 


TCATCGGGCATACTGTTAACTGCTTTGGAGCCAACATTAAAGTGAT 

AGGCAACACGGGAAATAACTCAACCAGAGAAGCTGTTCACGCGA 

CAGAGCAGGGATTTGCTGTTGGCATGCATGC 


5757 



Ser165Asn 
AGT-AAT 



WO 01/92512 



-129- 



PCT/US01/17672 



Pbenotype. Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 



SEQ1D 



GCATGCATGCCAACAGCAAATCCCTGCTCTGTCGCGTGAACAGCT 
TCTCTGGTTGAGTTATTTCCCGTGTTGCCTATCACTTTAATGTTGG 

CTCCAAAGCAGTTAACAGTATGCCCGATGA 

CACGGGAAATAACTCAA 



Lys Overproduction 
DHPS 1 

Triticum aestivum 
I Ala174Val 
GCG-GTG 



TTGAGT TATTTCCCGTG _ _ 

^GCCAACATTAAAGTGA I AGGCAACACGGGAAGTAACTCAAUU\ 
GAGAAGCTGTTCACGTGACAGAGCAGGGATTTGCTGTTGGCATG 
rATGnAGCTCTTCATGTCAATCCTTACTACGG 



5758 



5759 



CCGTAGTAAGGATTGACATGAAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGTCACGTGAACAGCTTCTCTGGTTGAGTTACTT 

CCCGTGTTGCCTATCACTTTAATGTTGGCTC 

TGTTCACGIGACAGAGC 



GCTCTGTCACGTGAACA 



5760 



5762 



5763 



5764 



Lys Overproduction 
DHPS 1 

Triticum aestivum 
Ala174Thr 
i GCG-ACG 



GGAGCCAACA ITAAAGI GA I AGGCMCAUUGGAAGTAACTCAACC 
AGAGAAGCTGTTCACACGACAGAGCAGGGATTTGCTGTTGGCAT 

nrATGCAGCTCTTCATGTCAATCCTTACTACG 



CGTAGTAAGGATTGACATGAAGAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGTCGIGTGAACAGCTTCTCTGGTTGAGTTACTTC 
rnGTGTTGCCTATCACTTTAATGTTGGCTCC 



CTGTTCACACGACAGAG 



Lys Overproduction 
DHPS 2 

Triticum aestivum 
Ser154Asn 
, AGT-AAT 



Tys Overproduction 
DHPS 2 

I Triticum aestivum 
|Ala163Val 
GCT-GTT 



CTCTG TCGIGTGAACAG ^^^^^^^ 

TCATCGGGCACACTGTT AAC I GCTTTGGAAU I AAUATTAAAG I GA T 
AGGCAACACGGGAAATAACTCAACTAGAGAAGCGATTCACGCTTC 

AnAGHAGGGATTTGCTGTTGGCATGCATGC 



5766 



5767 
5768 



GCATGCATGCCAACAGCAAATCCCTGCTCTGAAGCGTGAATCGCT 
TCTCTAGTTGAGTTATTTCCCGTGTTGCCTATCACTTTAATGTTAGT 

TP.P.AAAGCAGTTAACAGTGTGCCCGATGA 



CACGGGAAATAACTCAA 



TTGAGTTAT JTCCCGTG _______ _ 

GAACTAACA 1 1 AAAGTGA I AGGCAACACGGGAAGTAAC I _ AAU I A 
GAGAAGCGATTCACGTTTCAGAGCAGGGATTTGCTGTTGGCATGC 

ATGP.AGCTCTCCATGTCAATCCTTACTATGG 



5769 



5770 



5771 



CCATAGTAAGGATTGACATGGAGAGCl GCA I GCATGCCAACAGCA 
AATCCCTGCTCTGAAACGTGAATCGCTTCTCTAGTTGAGTTACTTC 

nr.GTGTTGCCTATCACTTTAATGTTAGTTC 



5774 



GATTCACGTTTCAGAGC 



5775 



GCTCTGAAACGTGAATC 



5776 



WO 01/92512 



PCTAJS01/17672 



-130- 



Phenotype, Gene, • 
Plant & Targeted 
Afterafton 


Altering Oligos I 


CPA in 

NO: 


Lys Overproduction 
DHPS2 


OOA APTA A O ATT A A AOTPATA^POA APAPPPPA A OTA APTPA A OX i 

bbAAb I AAbA I I AAAb I bA I AbbbAAbALbbbAAb I AAb I bAAb I j 

AGAGAAGCGATTCACACTTCAGAGCAGGGATTTGCTGTTGGCATG 


CV77 
Of f f 


Triticum aestivum 


/-\ a T"/->0 A OOTOTOO A TPTP A ATPPTTA^TATP 

CATGCAGCTCTCCATGTCMTCCTTACTATG 




Ala1 63Thr 
GCT-ACT 


A A T A AT A A A TT/*N AAA TO /"N A A ^> AT/"** A A *T*A A A T/"** A A A A A*H A /"> A A A 

CATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGAAGTGTGAATCGCTTCTCTAGTTGAGTTACTTCC 
CGTGTTGCCTATCACTTTAATGTTAGTTCC 


£--7-70 

5778 




A/*% A i 1 A A A A /""N'T" I 1 A A /"\ A /**% 

CGATTCACACTTCAGAG 


5779 




CTCTGAAGIGTGAATCG 


5780 


Lys Overproduction 
DHPS 


"at a a TTPP Aaata PTPTP A A A TPr>l 1 1 OPPTr'T APA ATT A A A PTf A 

CTCATTbbbbA 1 AO 1 b 1 bAAb I bb 1 1 1 bbb 1 b 1 AbAA 1 1 AAAb 1 bA 
TAGGCAACACAGGAAATAACTCAACCAGAGAAGCTGTTCACGCAA 


0/01 


Co/x lacryma-jobi 


A A A A A A a /*> /"V /"** A *T 1 T AATATTA /~**/^ ATAA A T A 

CAGAGCAGGGAl 1 1 GCTGTTGGCATGCATG 




ben 54Asn 
AGT-AAT 


A A TAA A T/"N/"N A A A f\ A /"\A AAA T/^/^ ^T/*>A'I"ATAT' r'/""*/**» /"VT"/"> A A A AATT 

CATGCATGCCMCAGCAMTCCCTGCTCTGTTGCGTGAACAGCTT 
CTCTGGTTGAGTTATTTCCTGTGTTGCCTATCACTTTMTTCTAGA 
GCCAAAGCAGTTCACAGTATGCCCAATGAG 


5782 




CACAGGAAATAACTCAA 


5783 




TTGAGTTATTTCCTGTG 


5784 


Lys Overproduction 
DHPS 


a at AT A A ATT A A A OTO AT A OOO A APAPA OO A A OTA A OTO A A OO A 

GCTCTAGAATTAAAGTGATAGGCAAOAOAbbAAb 1 AAbTGAAGOA 
GAGAAGCTGTTCACGTAACAGAGCAGGGATTTGCTGTTGGCATGC 


C7Qr 

O/OO 


Co/x lacryma-jobi 


ATGCAGCTCTCCACATCAATCCTTACTATGG 




Ala163Val 
GCA-GTA 


CCATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGTTACGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CTGTGTTGCCTATCACI 1 1'AATTCTAGAGC 


5786 




TGTTCACGIAACAGAGC 


5787 




GCTCTGTTACGTGAACA 


5788 


Lys Overproduction 
DHPS 

Co/x lacryma-jobi 


a a at at A /""* A ATT* A A A PT A ATA OOO A A O AO A OO A A OTA A OTO A A OO 

GGC/TGTAGAATTAAAG 1 bA 1 AbbGAAOAOAbbAAb 1 AAl> 1 L.AAU0 
AGAGAAGCTGTTCACACAACAGAGCAGGGATTTGCTGTTGGCATG 

A ATAA a /»> AT ATA A A A TO A ATOP 1 1 A OT A TO 

CATGCAGCTCTCCACATCAATCCTTACTATG 


C7QQ 


Ala163Thr 
GCA-ACA 


/»-\ a T" a /"^^T A A X™\ y-v a 1 ■ ■ i-^^ A TATAA A /~\ A /""ST"/*** /"\ A T /""N A T/*"*^^A^ A A A /~\f^ A A 

CATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGTTGTGTGAACAGCTTCTCTGGTTGAGTTACTTCC 
TGTGTTGCCTATCACTTTAATTCTAGAGCC 


5790 




/XI ATTA A /™\ A /""\ A A A ^"N A /""V 

CTGTTCACACAACAGAG 


5791 




ATAT^N I 1 ^>T/NT/> A A A** A /"N 

CTCTGTTGIGTGAACAG 


5792 


Lys Overproduction 
DHPS 


TCATTGGTCACACAGTCAA1 IGI 1 1 1 GGAGGGTCCATCAAAGTCAT 
CGGGAACACTGGAAACAACTCCACAAGGGAAGCAATCCATGCAA 


5793 


Nicotiana tabacum 


CTGAACAGGGATTTGCTGTAGGTATGCATGC 




Ser136Asn 
AGC-AAC 


GCATGCATACCTACAGCAAATCCCTGTTCAGTTGCATGGATTGCTT 

CCCTTGTGGAGTTGTTTCCAGTGTTCCCGATGACTTTGATGGACC 

CTCCAAAACAATTGACTGTGTGACCAATGA 


5794 




CACTGGAAACAACTCCA 


5795 



WO 01/92512 



-131- 



PCT/US01/17672 



Phenotype, Gene, 
Plants Targeted 
Alteration 



Altering Oiigos 

■ 



ismm 

NO: 



I TGGAGTTGTTTCCAGTG 



5796 



Lys Overproduction 
DHPS 

Nicotians tabacum 

Ala145Val 

GCA-GTA 



GAGGGTCCATCAAAGTCA I CGGGAACACTGGAAGCAACTCCACAA 
GGGAAGCAATCCATGIAACTGAACAGGGATTTGCTGTAGGTATGC 
ATfiCAGCTCTTCACATTAATCCCTACTATGG 



CCATAGTAGGGATTAATGTGAAGAGCTGCATGCATACCTACAGCA 
AATCCCTGTTCAGTTACATGGATTGCTTCCCTTGTGGAGTTGCTTC 

CAGTGTTCCCGATGACTTTGATGGACCCTC . 

AATCCATGIAACTGAAC 



Lys Overproduction 
DHPS 

Nicotians tabacum 
I Ala145Thr 
I GCA-ACA 



GTT CAGTTACATGGATT ^ ^ 

GGAGGGTCC ATCAAAGTC A I CGGGAACAC I GGAAGCAAC I CUAU 
AAGGGAAGCAATCCATACAACTGAACAGGGATTTGCTGTAGGTAT 

fir.ATGCAGCTCTTCACATTAATCCCTACTATG 



5797 



5798 



5799 



CATAGTAGGGATTMTGTGAAGAGCTGCATGCATACCTACAGCAA 
ATCCCTGTTCAGTTGIATGGATTGCTTCCCTTGTGGAGTTGCTTCC 
AflTGTTCCCGATGACTTTGATGGACCCTCC 



CAATCCATACAACTGAA 



Lys Overproduction 
DHPS 

i Arabidopsis thaliana 
Ser142Asn 
I AGC-AAC 



TTC AGTTGIATGGATTG — SF — 

TTATAGGCCA I ACCGTTAAC I G 1 1 1 1 GGCGGAAGCATCAAAU I CA I 
TGGAAACACTGGAAACAATTCGACTAGAGAAGCAATCCACGCGAC 

TRAACAAGGATTCGCGGTTGGAATGCATGC 



5800 
"580T 



5802 



5803 



GCATGCATTCCAACCGCGMTCCTTGTTCAGTCGCGTGGATTGCT 
TCTCTAGTCGMTTGTTTCCAGTGTTTCCMTGACTTTGATGCTTC 
CRCCAAAACAGTTAACGGTATGGCCTATAA 



5804 
"5805" 



CACTGGAAACAATTCGA 



TCGAATTGTTTCCAGTG 



Lys Overproduction 
DHPS 

j Arabidopsis thaliana 
| AIa151Val 
GCG-GTG 



GCGGAAGC ATCAAAGTC AT 1 GGAAACACT GGAAGCAATTCC3AU I A 
GAGAAGCAATCCACGIGACTGAACAAGGATTCGCGGTTGGAATGC 

ATGCTGCTCTTCATATAAACCCTTACTATGG 



5806 



5807 
5808 



5809 



CCATAGTAAGGGTTTATATGAAGAGCAGCATGCATTCCAACCGCG 
AATCCTTGTTCAGTCACGTGGATTGCTTCTCTAGTCGAATTGCTTC 

HAfiTGTTTCCMTGACTTTGATGCTTCCGC 



AATCCACGIGACTGAAC 



5810 



5811 



Lys Overproduction 
DHPS 

| Arabidopsis thaliana 
|Ala151Thr 
GCG-ACG 



GTTCA GTCACGTGGATT == ^_. 

GGCGGAAGCA ICAAAGTCA'I IGGAAACAClUUAAUUAAi iu^aui 
AGAGAAGCAATCCACACGACTGAACAAGGATTCGCGGTTGGAATG 

CATGCTGCTCTTCATATAMCCCTTACTATG 



5812 



5813 



CATAGTAAGGGTTTATATGAAGAGCAGCATGCATTCCAACCGCGA 
ATCCTTGTTCAGTCGIGTGGATTGCTTCTCTAGTCGAATTGCTTCC 

AGTGTTTCCAATGACTTTGATGCTTCCGCC 



5814 



WO 01/92512 



-132- 



PCT/US01/17672 



: Phpnntvnp ftpnp 

Plant & Targeted 


Altering Olrgos ; 


SEQID 

NO; 


Alteration 








OAA 1 OL/AOAUuAL/ 1 oAA 


5815 




ttp a ptpptptpp attp 


581 fi 


Lys uvcrprouucDon 
DHPS 

Glycine max 


TTATTfnPTPATArAGTPAArTGI I 1 1 GGTGGGAAAATTAAGGTTA 1 1 
GGAAATACTGGAAACAACTCCACCAGGGAAGCAATTCATGCCACT 
GAGCAGGGTTTTGCTGTTGGAATGCATGC 


5817 


oen uoAsn 
AGC-AAC 


PPA TP P A TTP PAAfAPrAAAA P PPTP PTP A PT(^ P P ATP A ATTPPT 
oUA I Vjv-fA 1 I UL/AAUAVjUAAAMUOU 1 uO 1 UMo 1 uOUn 1 O/AM I 1 ul» 1 

TCCCTGGTGGAGTTGTTTCCAGTATTTCCAATAACCTTAAI 1 1 ICC 
CACCAAAACAGTTGACTGTATGAGCAATAA 


5818 




TAPTP^A A APA APTPPA 
I AO 1 v^oAAAUAALf 1 UUA 


5819 




TP P A PTTPTTTP P A PT A 


58?n 


Lys uverprouucuon 
DHPS 

Glycine max 


(^T^r^r^AAAATTAAnnTTATTnnAAATAnTfiRAAGCAACTCCACCA 
GGGAAGCAATTCATGTCACTGAGCAGGG 1 1 1 1 GCTGTTGGAATGC 
ATGCTGCCCTTCACATAAACCCTTACTATGG 


5821 


Aiaiiiivai 
GCC-GTC 


PP AT APT A APPP 1 i 1 ATPTP A A^f2PP ACPATCP ATTPP A APAPPA 

UUA 1 Ab 1 AAbbo 1 1 1 A 1 o 1 bAAobbOAoUA J bUA 1 1 v^UAAUAoLrM 

AAACCCTGCTCAGTGACATGAATTGCTTCCCTGGTGGAGTTGCTT 
CCAGTATTTCCAATAACCTTAAI 1 1 ICCCAC 


5899 




A A TTP ATPTP A PTP A PP 

AAI 1 OA 1 Cj_LL/AU 1 bAblr 


589^ 




PPTP A PTP A P ATP A ATT 
bu 1 UAo 1 oAUA 1 bAA 1 1 


5824 


Lys uverprouuciion 

DHPS 

G/yc//?e max 


Pr^TPr^^AAAATTAAnnTTAlT^tnAAATArTGGAAGnAACTCnACC 

AGGGAAGCAATTCATACCACTGAGCAGGGI 1 1 1 GCTGTTGGAATG 
CATGCTGCCCTTCACATAAACCCTTACTATG 


5825 


Aian ^ i nr 
GCC-ACC 


PATAPTA APPPTTTATPTPA APPPPAPPATPPATTPPAAPAPPAA 
L» A 1 Avj 1 AAovjo 1 1 lAlbl bAAbovjOAoUn 1 oon 1 1 OunAOAOVynn 

AACCCTGCTCAGTGGTATGAATTGCTTCCCTGGTGGAGTTGCTTC 
CAGTAI 1 ICCAAIAACCI IMI 1 1 ICCCACC 


589fi 




P A ATTP ATA PP A PTP A P 
LrAA 1 1 L»A 1 AOLrAO 1 bAb 


5897 




PTP A PTP PT ATP A A TTP 
U 1 UAo 1 UoXA 1 oAA II U 


5898 ! 


i rp uvcrprouiiCuon 
AS 

Arabidopsis thaliana 


PTTr^PA(^nAGAnATATTTrAGATCGTGCTGAGTCAACGTTTTGAG 
CGGCGMCATTTGCAAACCCCTTTGMGTTTATAGAGCACTAAGA 
GTTGTGMTCCAAGTCCGTATATGGGTTATT 


5829 


MbpOH 1 /-Noll 

GAC-AAC 


AATAArrPATATArRnArTTf^RATTnAnAAnTCTTAGTGCTCTATA 
AACTTCAAAGGGGTTTGCAAATGTTCGCCGCTCAAAACGTTGACT 
CAGCACGATCTGAAATATGTCTCCTGCAAG 


5830 




CATTTGCAAACCCCTTT 


5831 




AAAGGGGTTTGCAAATG 


5832 


Trp Overproduction 
AS 

Nimtiana tahamm 


GCTGCAGGAGACA 1 A 1 1 1 CAAA 1 CGI 1 1 IAAGTCAACGUI 1 IUAUA 
GMGMCATTTGCTAACCCATTTGAAGTGTACAGAGCATTAAGAAT 
TGTGAATCCAAGCCCATATATGACTTACA 


5833 



Asp326Asn 
25 GAC-AAC 



WO 01/92512 



-133- 



PCTAJS01/17672 



Phenotype, Gene, 
Plant & Target©^ 
Alteration 







































HI 







Altering Oligos 



1111111111 



SEQID 

HO: 



CACTTCAAATGGGTTAGCAAATGTTCTTCTCTCAAAGCGTTGACTT 
AAAACGATTTGAAATATGTCTCCTGCAGC . 



CATTTGCTAACCCATTT 



AAATGGGTTAGCAAATG 



5834 



I Trp Overproduction 

I AS 

Oryza sativa 
| Asp323Asn 
GAC-AAC 



CTAGCTGG I GAGA 1 1 1 1 1 CAAb I AGTCTTAAGCCAGUCi 1 1 1 i^aum 
GGCGTACATTTGCTAACCCCTTTGAGGTGTACCGTGCATTGCGTA 

TTfrrP.AATP.PTAGTCCTTATATGGCCTATC 



GATAGGCCATATAAGGACTAGGATTGACAATACGCAATGCACGGT 
ACACCTCAAAGGGGTIAGCAAATGTACGCCTCTCAAAACGCTGGC 

TTAAGACTACTTGAAAAATGTCACCAGCTAG . 

CATTTGCTAACCCCTTT 



AAAGGGGTTAGCAAATG 



I Trp Overproduction 

I AS 

Ruta graveolens 
i Asp354Asn 
GAC-AAC 



j Trp Overproduction 

I AS 

Catharanthus roseus 
| Asp354Asn 
I GAT-AAT 



CTTGCTGGTGACATATTCCAGATCGTACTAAGTCAGCGTTTTGAAA 
GGCGMCGTTCGCAMCCCATTTGAMTCTATAGATCACTGAGGA 
TTCTTAATCCAAGCCCATATATGACTTATT 



AATAAGTCATATATGGGCTTGGATTAACAATCCTCAGTGATCTATA 
GATTTCAAATGGGTJTGCGAACGTTCGCCTTTCAAAACGCTGACTT 

AGTACGATCTGGAATATGTCACCAGCAAG 



CGTTCGCAAACCCATTT 



AAATGGGTTTGCGAACG 
CTGGCTGGGGACATATTCCAGCTTGTCCTAAGTCAGCGTTTTGAA 
CGGCGMCATTTGCAAATCCATTTGAAGTCTACCGAGCATTGAGA 

ATTGTCAACCCAAGTCCATATATGACTTATT 



AATAAGTCATATATGGACTTGGGTTGACAATTCTCAATGCTCGGTA 
GACTTCAAATGGATTTGCAAATGTTCGCCGTTCAAAACGCTGACTT 

AGGACAAGCTGGAATATGTCCCCAGCCAG . . 



5835 
5836 



5837 



5838 



5839 



5840 



5841 



5842 



5843 



5846 



CATTTGCAAATCCATTT 



5847 



AAATGGATTTGCAAATG 



5848 



WO 01/92512 



-134- 



PCT/US01/17672 



Example 10 
Production of modified starch in plants 

A principal aim of biotechnology is the improvement of crop plants for food value, 
agriculture, and to produce a range of plant-derived raw materials. Along with oils, fats and proteins, 
polysaccharides constitute the main raw materials derived from plants, and apart from cellulose, the storage 
polymer starch is the most important polysaccharide raw material. Starch is derived from a range of plants, 
but maize is the most important cultivated plant for the production of starch. 

The polysaccharide starch is a polymer made up of glucose molecules. However, starch is 
not a homogeneous raw material and is, in fact a highly complex mixture of various types of molecules 
which differ from each other, for example, in their degree of polymerization and in the degree of branching of 
the glucose chains. For example, amylose-starch is a basically non-branched polymer made up of 
a-1,4-glycosidicaiIy branched glucose molecules, and amylopectin-starch is a complex mixture of variously 
branched glucose chains. The branching results from additional a-1,6-glycosidic linkages. In plants from 
which starch is typically isolated, for example maize or potato, the starch is approximately 25% 
amylose-starch and 75% amylopectin-starch. 

In maize, various mutants in starch metabolism are known, for example waxy, sugary, 
shrunken and opaque-2. In addition to producing a modified starch, these mutations greatly improve grain 
quality in maize, and thus expand the use of maize not only as the food but also for the important industrial 
materials in food chemistry. It would therefore be advantageous to be able readily to obtain mutants in these 
genes in particular maize genotypes as well as other plants. Such plants can be obtained, for example, 
using traditional breeding methods and through specific genetic modification by means of recombinant DNA 
techniques. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 20 

Genome-Alte rin g Oliaos Co nferring Increased Starch 



: Phenotype, Gene, 
Plant & Targeted 
Alteration 


Altering Oligos 

■yyyyyyyyyyyyy-yyyyyyyyyyyyyyyyy^ 
i:::::::x:xX:::>w:^ 


>x: Wyy^yWyyyMyyW- 

1 iSEQID 
NO: 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Ala99Lys 

GCA-AAA 


GAACTTGAGACTGAGAAAAGGGATCCAAGGACAGTTGCJT KJUAl I 
ATTCTTGGAGGTGGAAAAGGAACTCGACTC 1 1 1 CCTCTCACAAAA 
CGCCGCGCCAAGCCTGCCGTTCCTATCGGGG 


CQ/1G 


CCCCGATAGGAACGGCAGGCTTGGCGCGC5UUI I I iuTuAt>AuGv 
AAGAGTCGAGTTuCTTT l OUAL»u I uumaoma i mm i ooMnooruno i 
GTCCTTGGATCCCTTTTCTCAGTCTCAAGTTC 


\ DOOU 


GAGGTGGAAAAGGAACT 


1 5851 


AGTTCCTTTTCCACCTC 


5852 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Pro127Leu 

CCA-CTA 


CAAAACGCCGCGCCAAGCC I GCCGTTCCTA I CGGGGGAGCC I A 
AGGTfGATAGATGTACIAATGAGCAATTGTATTAACAGCGGAATC; 

ACAAAGTCTACATACTCACACAATATAACTC 


r 5853 


GAGTTATATTGTGTGAGTATGTAGACTTTGTTGATTCCGCTGl 1 A/ 3 
TACAATTGCTCATTAGTACATCTATCAACCTATAGGCTCCCCCGA 

AGGAACGGCAGGCTTGGCGCGGCG 1 IMG 


\ 5854 

r 


AGATGTACTAATGAGCA 


5855 


TGCTCATTAGTACATCT 5856 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly162Asn 

GGA-AAT 


TCACACAATATAACTCAGCATCATTGAACAGGCAl l lAGCCCGTG 
TTACMCTCCMTAAICTTGGCTTTGGAGATGGCTATGTTGAGG'T 

CTTGCGGCCACTCAAACGCCAGGAGAATC 


C 585/ 
T 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCC 
TCTCCAMGCCMGATTATTGGAGTTGTAAGCACGGGCTAAATGi 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 


IA 5858 


CTCCAATAATCTTGGCT 


5859 


AGCCAAGATTATTGGAG 


5860 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly162Asn 

GGA-AAC 


TCACACAATATAACTCAGCATCATTGAACAUUGAI 1 IAUUUU^k 
TTACAACTCCAATAACCTTGGCTTTGGAGATGGCTATGTTGAGG' 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


3C 5861 
TT 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACAIAUW 
TCTCCAAAGCCAAGGTTATTGGAGTTGTAAGCACGGGCTAAATG 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 


JA 5862 
C 


CTCCAATAACCTTGGCT 


5863 


AGCCAAGGTTATTGGAG 


5864 
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: Phenotype, Gene, 


• 




> Plant & Targeted 
Alteration 


Altering Oligos 


NO: 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


/"'III A Al"* AAA APAA a ^ATftp AP^P^rA A A ATPTPPPTPPA ATPAT 

bill bAbAbAAbAAAbb 1 AbAUUbbUAAAA 1 b 1 bbb 1 bOAA 1 L»A 1 
TCTAGGAGGAGGCAAAGGAGCTAAACTCTTCCCTCTTACAATGAG 
AGCCGCAACACCAGCTGTAAATATTCATCTT 


OODD 


AsnlOOLys 
AAT-AAA 


A A A AT<^ A AT" A TTT A A A A AT/^ AT/"V"1 I'AAAAATATA All PTA A A* A A A 

AAGATGAATAI 1 1 ACAGCTGGTGTTGCGGCTCTCATTGTAAGAGG 
GAAGAGTTTAGCTCCTTTGCCTCCTCCTAGAATGATTGCAGCCAC 
AMI 1 GCGGGTCTACCTTTCTTCTCTCAAAC 


OODD 




f\ ^\ a /•"* ^\ AAA /"V A /N /"NT A A 

GGAGGCAAAGGAGCTAA 


COC7 

5867 




■ 1 1 * A ATA /V ■ 1 1 /"*■> A ATA A 

TTAGCTCCTTTGCCTCC 


coco 
0OD0 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


CTTGTGTCTTCAAATTATGTTAGGTTCCTGTTGGTGGATGCTACAG 
GCTGATCGATATCCTGATGAGTAACTGTATTAACAGCTGCATCAAC 
AAGATATTTGTGCTGACACAGTTCAACTC 


5869 


Pro128Leu 
CCG-CTG 


AA ATTAA a ATATATA A ^ A A ^ A A A T A TA 1 I'A 1 1 f*** A *T*^N f \ A /"> ATA'I T " A A 

GAGTTGMCTGTGTCAGCACAMTATCTTGTTGATGCAGCTGTTAA 

TACAGTTACTCATCAGGATATCGATCAGCCTGTAGCATCCACCAA 

CAGGAACCTAACATAATTTGAAGACACAAG 


C07A 

587U 




CGATATCCIGATGAGTA 


5871 




TACTCATCAGGATATCG 


C070 

5872 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


X/"* APA A A atta a A ata a A otta A ATT A ATPP AP ATTTAPrAOP A A/^ 

1 bAbAbAb 1 1 bAAb 1 bAbb 1 1 bbb 1 1 AA 1 bbAbA 1 1 1 AbbAbbAAb 

TTATI 1 1 GGGAATAATATAAACTTTGGAGGTGGTTTCGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 


OO/O 


Gly163Asn 
GGC-AAT 


/-v AT"*"* A f \ A /*> 1 1 A 1 1 A 1 r 'r/*V 1 A AT" A ATATTTAT A /*N AT AT A /"XA AAA AA A A 

GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 
CTCCAAAGTTTATATTATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5874 




T/"%/"NAA ATA A "T" A T A A A /*\T 

TGGGAATAATATAAACT 


5875 




A ATT r AT A *1 T A TTAAA A 

AGTTTATATTATTCCCA 


587b 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


T/~* APAPrt ATTr* A A AT*/"* A A/"* 1 1 A A AH — r A ATf*0 AAA 1 1 1 APPAfPAAP 

TbALAbAb 1 1 LAAb 1 bAbb 1 1 bbb 1 1 AA 1 bbAbA 1 1 1 AbbAbbAAb 
TTAI 1 1 IGbGAAIAACAIAAACl 1 1 GGAGGTGGTTTCGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 


00/ / 


AlwH CO A MM 

Gly163Asn 
GGC-MC 


/~\ ATA A A A ATT A TT A 1 1 ATA ATA ATATTTAT A A AT AT A A A AAA A A A A 

GCTGAGAGTTATTATTGTCATAGTG 1 1 1 GTACCTCTACGAAACCAC 
CTCCAAAGTTTATGTTATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5878 




TGGGAATAACATAAACT 


5879 




AGTTTATGTTATTCCCA 


5880 


Increased Starch 

ADPGPP 

Lycopersicon 


TTGAGGAACAACCAACGGCAGATCCAAAAGCTGTTGCCTCTGTCA 
TTCTAGGTGGTGGTAAAGGAACTCGTC 1 1 1 1 1 CCTCTTACAAGCA 
GAAGAGCTAAACCAGCTGTTCCTATTGGTGG 


5881 


esculentum 

Val94Lys 

GTT-AAA 


CCACCAATAGGAACAGCTGGTTTAGCTCTTCTGCTTGTAAGAGGA 
AAAAGACGAGTTCCTTTACCACCACCTAGAATGACAGAGGCAACA 
GCI 1 1 IGGATCTGCCGTTGGTTGTTCCTCAA 


5882 




TGGTGGTAAAGGAACTC 


5883 
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Phenotype, Gene r 
Plant & Targeted 
Alteration 



Increased Starch 
I ADPGPP 
| Lycopersicon 

esculentum 

Pro122Leu 

CCA-CAA 



Increased Starch 

ADPGPP 

Lycopers/con 

esculentum 

Gly158Asn 

GGA-MT 



Increased Starch 
i ADPGPP 
| Lycopersicon 

esculentum 
i Gly158Asn 

GGA-AAC 



Increased Starch 
i ADPGPP 

Cicer ahetinum 

Ala101Lys 
i GCT-AAA 



Altering Oligos 



GAGTTCCTTTACCACCA 

CMGCAGMGAGCTAAACCAGCIGI ICCTAI f^™J 
GGCTAATTGATGTACAAATGAGTAACTGCATTAACAGTGGCATAC 

GG AAAATTTTCAT rTTAACACAGTTCAATrC 

hAATTGMCTGTGTTMGATGAAMTTTTCCGTATGCCACTGTTAA 
TGCAGTTACTCATTIGTACATCMTTAGCCGGTAACAACCACCMT 

Ar^AAPAttrTfWTTAGCTCTTCTGCTTG . — 



SEQ ID 

NO: 

5884 
5885" 



5886 



TGATGTACAAATGAGTA 



TACTCATTIGTACATCA 



CACAGTTCMTTCCTTTTCCCTCAATCGTCACCTTGCCCGCACGTA 
TMTmGGAMTAMGTGGGTmGGAGATGGAmGTGGAGGn 

TTAGC TGCAACXCAGACTCCAGGGGAT^ 

GCATCCCCTGGAGTCTGGGTTGCAGCTAAMCCTCCACAMTCCA 

TCTCCAAMCCCACATIATTTCCAAAATTATACGTGCGGGCAAGGT 
nAnnATTGAGGGAAAAGGAATTGAACTGTG 



TGGAAATAATGTGGGTT 



5887 



5888 



5889 



5890 



5891 



AACCCACATTATTTCCA 

CACAGTTCAAI rCCI I I I (JCC I LA ATCGTCACC I IGCCCGCAUilA 
TMTmGGAMTAMGTGGGTTTTGGAGATGGATTTGTGGAGGTT 

TTAGCTGCAACCCAGACTCCAG^GGATGC_ 



GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACC I ^ACAMTCCA 
TCTCCAAMCCCACGTIATTTCCAAAATTATACGTGCGGGCAAGGT 

ftAr.ftATTGAGGGAAMGGMTTGAACTGTG 



TGGAAATAACGTGGGTT 




AACCCACGTTATTTCCA _ 

iTAGATTTGGAAAAAAGAtjAC/CCAAGTACAG M GJ AGCAA i JA I 



5896 



ACTAGGTGGAGGTAAAGGAACTCGTCTCTTCCCTCTCACCAAGC 

^Ar^An rnAAGCCTGCTGTTCCAATTGGAGG 

CCTCCMTTGGMCAGCAGGCTTGGCTCGTCGCTTGGTGAGAGG 
GAAGAGACGAGTrCCTTTACCTCCACCTAGTATAATTGCTACAACT 

ITTCCAAATCTACGT 



GTACTTGGGTCTC1 



TGGAGGTAAAGGAACTC 



fiAGTTCCTTTACCTCCA 
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Phenotype, Gene, 
Plant & Targeted 
Afreratipn j 


>y>V<:+y:-yy^ 






Altering Oligos 




SEQ ID 




NO; 








Increased Starch 
ADPGPP 
Cicer arietinum 


CCAAGCGACGAGCCAAGCCTGCTGTTCCAATTGGAGGTGCTTATA 
GGCTGATAGATGTACTAATGAGTAACTGCATCAATAGTGGGATCAA 
CAAAGTATAC ATTCTC ACTCAA 1 1 IAATTC 


5901 


Drv\"1 OQI ai i 

CCA-CTA 


GAATTAAATTGAGTGAGAATGTATACTTTGTTGATCCCACTATTGAT 
GCAGTTACTCATTAGTACATCTATCAGCCTATAAGCACCTCCAATT 
bbAAGAGCAbbCTTbbCTCbTCbC I 1 bb 


o9U^ 




AGATGTACTAATGAGTA 


o9Uo 




TACTCATTAGTACATCT 


o9U4 


mcreasea otarcn 
ADPGPP 
Cicer arietinum 


CTCAATTTAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 
TAACTCTGGTACTAATGTCAC 1 1 1 1 GGAGATGGCTATGTTGAGGTT 
CTTGCAGCAACTCAAACTCCAGGGGAGCA 


oyuo 


LjiyiooAsn 
GGA-AAT 


TGCTCCCCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAAAGTGACATTAGTACCAGAGTTATAAGCACGTGCAATAT 
GCCTGTTGAGTGAGGCTGAATTAAATTbAb 


59ub 




TGGTACTAATGTCACTT 


5907 




AAGTGACATTAGTACCA 


5908 j 


mcreasea otarcn 
ADPGPP 
Cicer arietinum 


CTCAATTTAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 

TAACTCTGGTACTAACGTCACTTTTGGAGATGGCTATGTTGAGGTT 

CTTGCAGCAACTCAAACTCCAGGGGAGCA 


co no 
oyuy 


bly iDoAsn 
GGA-AAC 


TGCTCCCCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAAAGTGACGTTAGTACCAGAGTTATAAGCACGTGCMTAT 
bOOl b 1 1 GAG 1 bAbbC 1 bAA 1 1 AAA 1 1 bAb 


5910 




TGGTACTAACGTCACTT 


5911 




AAGTGACGTTAGTACCA 


591 1 


mcreasea otarcn 
ADPGPP 
Ipomoea batatas 


ATATTGGAGAGGCGTCGGGCAAACCCTAAGAATGTGGCTGCAATC 
ATACTGCCAGGCGGTAAAGGGACACACCTATTCCCTCTCACCAAT 
CGAGCTGCAACCCCTGCTGTTCCACTTGGAG 


oy \o 


Aiaa4Lys 
GCA-AAA 


CTCCAAGTGGAACAGCAGGGGTTGCAGCTCGATTGGTGAGAGGG 
AATAGGTGTGTCCCTTTACCGCCTGGCAGTATGATTGCAGCCACA 
TTCTTAGGGTTTGCCCGACGCCTCTCCAATAT 


PAH ^ 

5914 




CAGGCGGTAAAGGGACA 


rAH r 

5915 




TGTCCCTTTACCGCCTG 


591b 


Increased Starch 
ADPGPP 
Ipomoea batatas 


CCAATCGAGCTGCMCCCCTGCTGTTCCACTTGGAGGATGCTATA 
GGTTGATCGACATTCTAATGAGCAACTGCATCAACAGCGGGGTTA 
ACAAGATCTTTGTGCTGACCCAGTTCAATTC 


5917 


Pro122Leu 
CCA-CTA 


GAATTGAACTGGGTCAGCACAAAGATCTTGTTAACCCCGCTGTTG 

ATGCAGTTGCTCATTAGAATGTCGATCAACCTATAGCATCCTCCAA 

GTGGAACAGCAGGGGTTGCAGCTCGATTGG 


5918 




CGACATTCTAATGAGCA 


5919 
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Phenotype, Gene, 
Plant & Targeted 



Altering Oligos 



SEQ1D 

NO: 



Increased Starch 
ADPGPP 
Ipomoea batatas 


rGCTCATTAGAATGTCG 

rGACCCAGTTCAATTCAGCTTCTCTTAACCGTUAOAl I IUAAjIAU 
CGTCTTTGGCAATAATGTGAGCTTCGGAGATGGATTTGTTGAGGT 

RnTGGCTGCAACCCAAACACAAGGGGAAAC 


5920 
5921 1 


Gly157Asn 
GGT-AAT 


GTTTCCCCTTGTGTTTGGGTTGCAUUUAUUAUU i umaumma i oon 
TrTnorAArrTrArATTATTRCCAAAGACGGTACGGGAAATGTGA 

CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 


5922 




TGGCAATAATGTGAGCT 


5923 1 




AGCTCACATTATTGCCA 


5924 | 


Increased Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAC 


TGACCCAGTTCAATTCAGCTTCTCl 1 AAbUU I uaua i i iiaaa^imu 
CGTCTTTGGCAATAACGTGAGCTTCGGAGATGGATTTGTTGAGGT 

GCTGGCTGCAACCCAAACACAAGGGGAAAC 




GTTTCCCCTTGTGTTTGGGTTGCACiUUAUUAULr i ummommmi oum 
TPTrrnAAprTnApaTTATTRrCAAAGACGGTACGGGAAATGTGA 

CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 


5926 


TGGCAATAACGTGAGCT 


5927 | 


AGCTCACGTTATTGCCA 


5928 


Increased Starch 
ADPGPP 
Oryza sativa 
Thr96Lys 
ACC-AAA 


CATTCCGGAGGAAU 1 1 1 UUU^A 1 bbAAA 1 bAbb 1 1 bb I I U 1 1 A 
TATTGGGTGGTGGCAAAGGGACTCAACI 1 1 1 1 CCTCTCACAAGCA 
CAAGGGCCACGCCTGCTGTTCCTATTGGAGG 




CCTCCAATAGGAACAGCAGGCGT GUUUU II b 1 1 1 b 1 vjmomoo 
aaa a apttp A^TrrrTTTnrrACCACCCAATATAACAGCAGCAAC 

CTCATTT^^ATr.nGCAAAGTTCCTCCGGAATG 


5930 


TGGTGGCAAAGGGACTC 


5931 


GAGTCCCTTTGCCACCA 


5932 


Increased Starch 
ADPGPP 
Oryza sativa 
Pro1.24Leu 
CCC-CTC 


CAAGCACAAGGGCCACGCCTGC 1 b 1 1 bb I A 1 1 i^AbbA 1 bC I A 1 A 
GGCTTATCGATATCCTCATGAGCAACTGTTTCAACAGTGGCATAAA 

CAAGATATTCATAATGACTCAATTCAACTC 


5933 


~ . pttp A ATTr a rxrr ATTATft A ATATOTTGTTTATGCCAb 1 b 1 1 bAA 
ACAGTTGCTCATGAGGATATCGATAAGCCTATAGCATCCTCCAATA 

GGAACAGCAGGCGTGGCCCTTGTGCTTG 


5934 


CGATATCCTCATGAGCA 


5935 1 


TGCTCATGAGGATATCG 


1 5936 


I Increased Starch 
ADPGPP 
Oryza sativa 
Gly159Asn 
GGA-AAT 


= TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 
GTACCTTGGTGGTAATATCAACTTTACTGATGGTTCTGTTGAGGTA 
TTAGCCGCTACACAAATGCCTGGGGAGGC 


5937 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAAbUA 
TCAGTAAAGTTGATATTACCACCAAGGTACGTACGATGAATGTGAC 
GATTAAGAGATGCTGAGTTGAATTGAGTCA 


5938 
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Plant & Targeted 


Altering Gligos 


SEQ ID 

NO: 


: - Alteration 


• 




TGGTGGTAATATCAACT 






AGTTGATATTACCACCA 


£0An i 


Increased Starch 
ADPGPP 
Oryza sativa 


TPAPTPA ATTP A A PTP A PP ATPTPTT A ATPO.TP AP ATTPATPPtTAP 

1 oALr 1 OAA 1 1 OAALr 1 UAoL/A 1 Lr 1 Lr 1 1 AA 1 LrO 1 Lf AUA 1 1 OA 1 OVJ 1 fV<J 

GTACCTTGGTGGTAACATCAACTTTACTGATGGTTCTGTTGAGGTA 
TTAGCCGCTACACAAATGCCTGGGGAGGC 




bly159Asn 
GGA-AAC 


GCCTCCCCAGGCATTTGTbTAbCbbLTAAl Abb 1 OAAbAbAAbbA 
TCAGTAAAGTTGATGTTACCACCAAGGTACGTACGATGAATGTGA 
CGATTAAGAGATGCTGAGTTGAATTGAGTCA ' 


oy^ 




T~ A A'l A AT A »/»ATAA A AT 

TGGTGGTAACATCAACT 


oy4o 




A ATT/^ A "T".A T I' A A A A A 

AGTTGATGTTACCACCA 


CO/1 /I 


Increased Starch 
ADPGPP 
Triticum aestivum 


PT^PTTPAPPAfPATTA A PPP ATPPfA A Pp* A PPTT^P/^nPrPTP 

b 1 00 1 1 OAbbAbbA 1 1 AAbObA 1 ULbAAUbAob 1 1 oObbOOb 1 O 

ATACTCGGCGGCGGCAAAGGGACTCAGCTCTTCCCACTCACGAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


oyto 


ThroOLys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGTGTGGGbbTTb 1 bb 1 bb 1 bAb 1 bb 
GAAGAGCTGAGTCCCTTTGCCGCCGCCGAGTATGACGGCCGCAA 
CCTCGTTCGGATCGCTTAATCCTCCTGAAGGAC 


oy4o 




AAAAAAA AAA A/"N/"N A ATA 

CGGCGGCAAAGGGACTC 


ro/7 




A A ATAAATTTAAA/^A/>/^ 

GAGTCCC 1 1 1 GCCGCCG 


CQ/1Q 

oy4o 


Increased Starch 
ADPGPP 

Triticum aestivum 


CGAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTCATCGACATTCTCATGAGCAACTGCTTCAACAGTGGCATCA 

AAA APATATTPPTPATPAPPPAPTTPA APTP 

ACAAGATA M CbTLAIbAOOOAb 1 1 OAAO 1 b 


5949 


Pro108Leu 
CCC-CTC 


a a A 1 i a a A f\~rr*i~*r*Tf** A T/*"^ A A ATA TPTTPTTP A TP* OP* A OTP! TP* 

GAGTTGAACTGGGTCATGACGAATATCTTbTTbAl bbbAb 1 b II b 
AAGCAGTTGCTCATGAGAATGTCGATGAGCCTGTAACATCCTCCA 
ATAGGAACAGCAGGTGTGGCCCTTGTGCTCG 


coca 




A A A A A TTATA A T/"^ A /"N f\ A 

CGACATTCTCATGAGCA 


COC1 

oyo i 




T A ATA A T A A A A A T/^TV^/-* 

TGCTCATGAGAATGTCG 


coco 


Increased Starch 
ADPGPP 


TP* A PPP A PTTP A APTPPPPPTPPPTTA ATPPTPAPATTPAPPCPA 

1 bAbLOAb 1 1 UAAb 1 UobUL 1 000 1 1 AA 1 Ub I OAOA 1 1 OAOObOA 

CCTACCTCGGCGGGAATATCAATTTCACTGATGGATCCGTTGAGG 


oyoo 


Triticum aestivum 


TATTGGCCGCGACGCAAATGCCCGGGGAGGC 




oiyi4oAsn 
GGA-AAT 


bbb 1 OL-bbbbbt/A 1 1 1 bbb 1 UbObbUbAA 1 Abb 1 bAAObbA 1 bO 

ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 


oyo4 




CGGCGGGAATATCAATT 


5955 




AATTGATATTCCCGCCG 


5956 ; 


Increased Starch 
ADPGPP 
M/cum aestivum 


TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCCGTTGAGG 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5957 



Gly143Asn 
GGA-AAC 
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10 



15 



20 



Pheribtype, Gene, 
Plants. Targeted 
Alteration 



Increased Starch 
ADPGPP 
Oryza sativa 
|Thr95Lys 
I ACT-AAA 



Increased Starch 
I ADPGPP 

Oryza sativa 
iPro123Leu 
I CCT-CTT 



Increased Starch 
I ADPGPP 

Oryza sativa 
,Gly158Asn 

GGG-AAT 



Altering Oligos 



iiil 



SEQID 
NO: 



GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 
AnRATTAAGGGAGGCCGAGTTGAACTGGGTCA . 



5958 



CGGCGGGAACATCAATT 



Increased Starch 
I ADPGPP 

Oryza sativa 

Gly158Asn 
j GGG-AAC 



AATTGATGTTCCCGCCG _ _ 

CCTCCCGAAAGAATTATGG I GATGCMGCC ACGTTTCTGCT (5 1 UA 
rGGGTGGAGGCAAAGGAGTTCAACTCTTTCCTCTGACAAGCA 



TT 



rAAfifiGCTACCCCCGCTGTTCCTGTTGGAGG 



CCTCCAACAGGAACAGCGGGGGTAGCCCTTGTGCTTGTCAGAGG 
AAAGAGTTGMCTCCTTTGCCTCCACCCAAAATGACAGCAGAAAC 
PiTfifinTTGCATCAGCATAATTCTTTCGGGAGG 



TGGAGGCAAAGGAGTTC 



GAACTCCTT TGCCTCCA 

CAAGCACAAGGGCTACCCCCGC I GTTCCTGTI GGAGGA I U 1 1 AUA 
GGCTTATTGACATCCTTATGAGCMTTGCTTCAATAGCGGAATAAA 

TAAAATATTTGTGATGACTCAGTTCMTTC 



5959 



5960 
"596T 



5962 



5963 



GMTTGMCTGAGTCATCACAMTATTTTATTTATTCCGCTATTGAA 
GCAATTGCTCATAAGGATGTCAATAAGCCTGTAACATCCTCCAACA 

fiPiAACAGCGGGGGTAGCCCTTGTGCTTG 



TGACATCCTTATGAGCA 



TGCTCATAAGGATGTCA 

TGACTCAGTTCAATTCTGCTTCTCTTAATCGCCATATCCATCATAC 
ATACCTTGGTGGGAATATCAACTTTACTGATGGGTCTGTGCAGGT 
ATTRGCTGCTACACAAATGCCTGACGAACC 



5964 
■5965" 



5966 



5967 



GGTTCGTCAGGCATTTGTGTAGCAGCCAATACCTGCACAGACCCA 
TCAGTAAAGTTGATATTCCCACCAAGGTATGTATGATGGATATGGC 
fiATTAAGAGAAGCAGAATTGAACTGAGTCA 



TGGTGGGAATATCAACT 



AGTTGATATTCCCACCA 



5968 
5969 



5970 



5971 



5972 



TGACTCAGTTCAATTCTGCT I C I CTTAATCCiUUA 1 A i CCATUA I AC 
ATACCTTGGTGGGAACATCAACTTTACTGATGGGTCTGTGCAGGT 

ATTGGCTGCTACACAAATGCCTGACGAACC 



GGTTCGTCAGGCATTTGTGTAGCAGCCAATACCTGCACAGACCCA 
TCAGTAMGTTGATGJTCCCACCAAGGTATGTATGATGGATATGGC 
nATTAAGAGAAGCAGAATTGAACTGAGTCA 



TGGTGGGAACATCAACT 



AGTTGATGTTCCCACCA 



5973 



5974 



5975 
5976 



WO 01/92512 



-142- 



PCT/US01/17672 



Phenotype, Gene, 
: Plants Targeted l- 


Altering Oligos 


SEQID 

NO; 


Alteration 

increasea oiarcn 
ADPGPP 


ATACTCGGCGGTGGCAAAGGGACTCAGCTCTTCCCTCTCACAAG 


5977 


/ nuCUm deSuvUm 


P A P A APPPPP A P A PPTY^PTPTTPPT ATTPP A^fS 




i nryyLys 
ACC-AAA 


POTPP A ATAPP A APAPPA PPTPTPPPPPTTPn^PPTTrrTP AP APP 
bb 1 bbAA 1 AbbAAUAbUAbb 1 b 1 bbbbb II o 1 bb 1 Ibl bAbAbb 

GAAGAGCTGAGTCCCTTTGCCACCGCCGAGTATGACGGCCGCGA 
CCTCGTTCGGATCGGCGTAATTCCTGCGGAAGG 


oy / o 




Ubb 1 bbbAAAbbbAb 1 b 


5Q7Q 
oy / y 




a pTppr^ i i i rro A PPP 
oAb 1 bbbl 1 1 bbbAbbb 


5QRn 


Increased Starch 
ADPGPP 


CAAGCACAAGGGCCACACC IbUlbl ICOIAI 1 bbAbbA 1 b 1 1 AOA 
GGCTCATCGATATTCTCATGAGCAACTGCTTCAATAGTGGCATCAA 


59S1 


Triticum aestivum 


CAAGATATTCGTCATGACGCAGTTCAACTC 




rroiz/Leu 
CCC-CTC 


PAPTTPA APTPPPTP ATP APPA ATATPTTPTTr ATPPP APTATTPA 

bAb 1 1 bAAb 1 bbb 1 bA I bAbbAA 1 A 1 b 1 1 b 1 1 bA 1 bbUAb 1 A 1 1 bA 

AGCAGTTGCTCATGAGAATATCGATGAGCCTGTAACATCCTCCAA 
TAGGAACAGCAGGTGTGGCCCTTGTGCTTG 


oyoz 




pr> ATATTPTP ATPAPP A 

bbAIAI IbXbAlbAbbA 


oyoo 




TPPT^ATf* A /"** A ATATPP 

TGbTbATbAbAA 1 A 1 Lb 




increased otarcn 
ADPGPP 

Triticum aestivum 


TPAPPPAPTTPAAPTPPPPPTPTPTTAATPPTPAPATTPAPPPPA 

CCTACCTCGGCGGGAATATCMTTTCACTGATGGATCTGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 




blylbiiAsn 
GGA-AAT 


PPPTPPPPPPPOATTTPPPTPPPPPPPAATAPPTPAAPAPATPP 

bbb 1 bbbbbbbLA 1 1 1 bLb 1 LbbbbbbAA I Abb 1 bAAbAbA 1 bb 

ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


oyoo 




PPP/^PPPA ATATPA ATT* 

bbbbbbbAAlAI LAA! 1 






A ATTPATATTPPPPPPP 

AAI IbA! AMbbbbbbo 


oyoo 


increasea oiarcn 
ADPGPP 

Triticum aestivum 


TPAPPPAPTTPAAPTPPPPPTPTPTTAATPP5TPAPA 1 1 ( ,APPRPA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCTGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5989 


blyl bzAsn 
GGA-AAC 


bLL 1 L.bbL>bbbL>A 1 1 1 bbb 1 ObL>vjbL>UAA 1 AuO 1 L»AAL»AljA I 

ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


oyyu 




r^r>r*r^r~^/~ k r*n. a^at^aatt 
bbbbbGGAACA 1 LAA 1 1 


oyy i 




A ATTPATPTTPPPPPPP 
MAI 1 OA 1 OJ_l_bbuoLrOVJ 


5992 


Increased Starch 
ADPGPP 
Zea mays 


CTTTTCGGAGGAATTATGCTGATCCTAATGAAGTCGCTGCJCb 1 UA 
1 1 1 1 GGG 1 GG 1 GG 1 AAAGGGACTCAGCTTTTCCCTCTCACAAGCA 
CAAGGGCCACCCCTGCTGTTCCTATTGGAGG 


5993 


Thr96Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGGGTGGCCCTTGTGCTTGTGAGAGG 

GAAAAGCTGAGTCCCTTTACCACCACCCAAAATGACGGCAGCGAC 

TTCATTAGGATCAGCATAATTCCTCCGAAAAG 


5994 




TGGTGGTAAAGGGACTC 


5995 



WO 01/92512 



-143- 



PCTYUS01/17672 



Phenotype, Gene, 
Plants Targeted 


Altering Oligos 


iiiii 

NO: 










5996 


Increased Starch 
ADPGPP 
Zea mays 


n a AmAPA Appppp APPPPTfnf % 1 (n 1 1 CCT A 1 I'GGAGGAIGI IAUA 

OAAoUAUAAoooUUAUL/UU I oo 101 i 00 iai 1 wvjnwwn ^ 

GGCTTATTGATATCCTCATGAGCAACTGTTTCAACAGTGGCATAAA 
CAAGATATTTGTTATGACTCAGTTCAACTC 


5997 


Pro124Leu 
CCC-CTC 


nAfiTTnAArTRAGTCATAACAAATATCTTGTTTATGCCACTGTTGA 

AACAGTTGCTCATGAGGATATCAATAAGCCTGTAACATCCTCCMT 

AGGAACAGCAGGGGTGGCCCTTGTGCTTG 


5998 




TPATATPPTPATRAGCA 


5999 




TPPTPATPAftftATATPA 


6000 


increaseu oiaiuii 
ADPGPP 
Zea mays 
blyloyAsn 
GGG-AAT 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTAC 
CTATCTTGGTGGGAATATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCMCACAAATGCCTGGGGAGGC 


6001 


rrcTCCCC AfiGrATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATATTCCCACCAAGATAGGTACGATGAATGTGA 

CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


6002 




Tnrrrfsr^PAATATPAAfn" ! 


6003 




APTTCATATTPPPAPPA 
Ab 1 1 On IMI 1 L»L/on^un 


6004 


inCicdSSU oldi Oil 

ADPGPP 
Zea mays 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACA 1 1 UA 1 UU 1 au 
CTATCTTGGTGGGAACATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCMCACAAATGCCTGGGGAGGC 


6005 


Gly159Asn 
GGG-AAC 


rrrTrrrr A<^GrATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATGTTCCCACCAAGATAGGTACGATGAATGTGA 

pnnTTAAGAGAAGCTGAGTTGAACTGAGTCA 


6006 




TP<TTf5PiPAAPATPAACT 


6007 




AfnT^ATfiTTPPPAPPA 


6008 


increased oidioii 
ADPGPP 

Solanum tuberosum 

AlaooLys 

GCG-AAG 


" "CTTGAGAGGCAAAAGAAGGGCGATGCAAGGACAG 1 AUTAGCAAT 
CATTCTAGGAGGGGGAAAGGGAACTCGTC 1 1 1 1 CCCCCTCACCAA 
ACGTCGTGCTAAGCCTGCCGTTCCAATGGGAG 


6009 


PTrrr ATTGGAArGGCAGGCTTAGCACGACG 1 1 1 GGTGAGGGGG 
AAAAGACGAGTTCCCTTTCCCCCTCCTAGAATGATTGCTACTACTG 

TCCTTGCATCGCCCTTCI 1 1 IGCCTCTCAAG 


6010 




GAGGGGGAAAGGGAACT 


6011 




AGTTCCCTTTCCCCCTC 


6012 


Increased Starch 
ADPGPP 

Solanum tuberosum 


' CCAAACGTCGTGCTAAGCC 1 GCCGTTCCAA 1 GGGAGGAGCA 1 A 1 A 
GGCTAATTGATGTACTAATGAGCAACTGTATTAACAGTGGCATCAA 

CAAAGTATACATTCTCACTCAATTCAACTC. 


6013 


Pro86Leu 
CCA-CTA 


GAGTTGAATTGAGTGAGAATGTATACTTTGTTGATGCCACTGTTAA 
TACAGTTGCTCATTAGTACATCAATTAGCCTATATGCTCCTCCCAT 
TGGAACGGCAGGCTTAGCACGACGTTTGG 


6014 



WO 01/92512 



-144- 



PCT/US01/17672 



\ Plant & Targeted 
Alteration 






Altering Oligos 




NO; 

: x- : -x-- : : : ::>::^:::;: ; :x::v ; ;: : 




T^AT^TA^TA ATPA^A 

1 oA 1 b 1 AbTAA 1 bAbLA 


DU ID 




TbbTbATTAbTAbATbA 


bulb 


increasea otarcn 
ADPGPP 

Solanum tuberosum 


b 1 bAA 1 1 bAAb 1 bAbbb 1 bAb 1 1 AAbAbbbA 1 A 1 AbU 1 Ub 1 bu 1 1 A 

CAACTTTGGCAATAATGTCACATTCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAATT 


DU I / 


biyizzAsn 
GGG-AAT 


AAI 1 OAUOTGGTGI 1 IGAGT 1 GU 1 GL. 1 AAGAL.G 1 GGAUAI AblA/A 

CTCTCGAATGTGACATTATTGCCAAAGTTGTAAGCACGAGCTATAT 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 


DUlO 




TbbbAATAATG 1 bAbAT 


ou iy 




ATPTPA /"> A'l'l'AT IT^PPA 

ATbT bAC ATTATTGCCA 


bUzU 


increasea otarcn 
ADPGPP 

Solanum tuberosum 


b 1 UAA 1 1 bAAb 1 bAbbb 1 bAb 1 1 AAbAbbbA 1 A 1 Abb 1 bb l bb 1 1 A 

CAACTTTGGCAATAACGTCACATTCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAATT 


OUZ I 


blylzzAsn 
GGG-AAC 


AATTCACCTGGTG 1 1 1 GAGTTGCTGCTAAGACCTCGACATAGCCA 

CTCTCGAATGTGACGTTATTGCCAAAGTTGTAAGCACGAGCTATAT 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 


bUzz 




T/^O/^A ATA A/* A T^APAT 

TbbCAATAACGTCACAT 


bUzo 




ATbTbACGTTATTGCCA 


bUz4 


increasea otarcn 
ADPGPP 
Beta vulgaris 


TATTTPA ATPTPPAAAAPPTPAPPPAAAAA ATPTPPPTPP A ATT^T 

1 A 1 1 1 bAA 1 b 1 bbAAAAbb 1 bAbbbAAAAAA 1 b 1 bbb 1 bbAA 11 b 1 

GCTGGGTGGTGGTAAAGGGACTCGCCTCTTTCCTCTTACTAGCA 
GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 


OUZO 


AlayoLys 
GCT-AAA 


CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
AAGAGGCGAGTCCCTTTACCACCACCCAGCACAATTGCAGCCACA 


bUzb 




1 1 1 1 1 IGGGICAGCI 1 1 IGGAGATTCAAATA 






T/^»/^TO/^T A A A r^f^f^ A ATp 

TGGTGGTAAAGGGACTC 


bUz7 




GAGTCCCl 1 lACCACCA 


bUzo 


increasea otarcn 
ADPGPP 
Beta vulgaris 


T ATTTP A ATPTPP A AAA PPTP APPPAAAAA ATPTP PPTP^ * A A M (1 1 

1 A 1 II bAA 1 b 1 bbAAAAbb 1 bAbbbAAAAAA 1 b 1 bbb 1 bbAA 1 1 b 1 

GCTGGGTGGTGGTAACGGGACTCGCCTCTTTCCTCTTACTAGCA 
GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 


ouzy 


AlayoLys 
GCT-MC 


CUTCLAAMGGCACTGCTGGCM AGCTCTCGTGCTAGl AAGAGGA 
AAGAGGCGAGTCCCGTTACCACCACCCAGCACAATTGCAGCCAC 
Al 1 1 1 1 IGGGICAGCI 1 1 IGGAGATTCAAATA 


bUou 




TGGTGGTAACGGGACTC 


6031 I 




GAGTCCCGTTACCACCA 


6032 


Increased Starch 
ADPGPP 
Sofa wilqaris 


CTAGCAGGAGAGCTAAGCCAGCAGTGCCAATTGGAGGGTGTTAC 
AGGCTGATTGATGTGCTTATGAGCAACTGCATCAACAGTGGCATT 
AGAAAGAI 1 1 1 CATTCTTACCCAGTTCAATTC 


6033 



Pro126Leu 
CCT-CTT 



WO 01/92512 



PCT/US01/17672 



Phenorype, Gene, 
Plants Targeted 
Alteration 



Altering Oligos 



ncreased Starch 
ADPGPP 
Beta vulgaris 
Gly162Asn 
GGT-AAT 



Increased Starch 
ADPGPP 
Beta vulgaris 
Gly162Asn 
GGT-MC 



SEQ1D 

NO: 



GMTTGAACTGGGTAAGAATGAAAATCTTTCTMTGCCACTGTTGA 
TGCAGTTGCTCATAAGCACATCAATCAGCCTGTAACACCCTCCAA 

TTGGCACTGCTGGCTTAGCTCTCCTGCTAG 

TGATGTGCTTATGAGCA ■ . 



TGCTCATAAGCACATCA 



CCCAGTTCAA 1 1 CG 1 1 1 1 UbU I AA I Lb I LA I C I I GU I LbMLCTA 
TMTmGGAGATAMGTGMTTTTGGGGATGGCTTTGTGGAGGTT 

TTTGCTGCTACACAAACA^CTp^AGAATC 



GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAMTTCACATTATCTCCAAAATTATAGGTTCGAGCAAGAT 

ftACGATTAAGCGAAMCGAATTGAACTGGG 



TGGAGATAATGTGAATT 



MTTCACATTATCTCCA 



CCCAGTTCAA I I CG I 1 1 ICGCI lAAlLblUAICl IbULbAALLlA 
TMTmGGAGATAACGTGAATTTTGGGGATGGCTTTGTGGAGGT 

TTTTGCTGCTACACAAACACCTGGAGAATC 



GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAMTTCACGTTATCTCCAAAATTATAGGTTCGAGCAAGAT 

GACGATTAAGCGAAAACGAATTGAACTGGG . 

TGGAGATAACGTGAATT 



AATTCACGTTATCTCCA 



6034 



6035 



6036 



6038 



6039 



6040 

i>otr 



6042 



6043 
6044 



WO 01/92512 



-146- 



PCTAJS01/17672 



Table 21 

Oligonucleotides to produce plants with waxy starch 



Phenotype, Gene, 
Plant& Targeted 


IlllllIllllK^lIllllilllll 

Altering Oligos 

. 


SEQ ID 

MO: 


Alteration 




Waxy starch 
GBSS 

Arabidopsis thaliana 


GAATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTC 
TTCTAACTTTGTGTGAAGAACTTCAC 1 1 1 1 CAACAATCATGGTGCTT 
CTTCATGCTCTGATGTCGCTCAGATTAC 


6045 


Ser12Term 
TCA-TGA 


GTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTTGA 
AAAGTGAAGTTrTTCACArAAAGTTAGAAGAAGCAGTCACAGTTGC 
CATTATGAACTACCCGTTTACCTGGATTC 


6046 




CTTTGTGTGAAGAACTT 


6047 




AAGTTCTTCACACAAAG 


6048 


Waxy starch 
GBSS 

Arabidopsis thaliana 


ATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTT 
CTAACTTTGTGTCATGAACTTCAC 1 1 1 1 CAACAATCATGGTGCTTCT 
TCATGCTCTGATGTCGCTCAGATTACCT 


6049 


Arg13Term 
AGA-TGA 


AGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTT 
RAAAAGTGAAGTTrATGArArAAAGTTAGAAGAAGGAGTGAnAGTT 
GCCATTATGAACTACCCGTTTACCTGGAT 


6050 




TTGTGTCATGAACTTCA 


6051 




TGAAGTTCATGACACAA 


6052 


Waxy starch 
GBSS 

Arabidopsis thaliana 


TAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTTCTAACTT 
TGTGTCAAGAACTTGAC 1 1 1 1 CAACMTCATGGTGCTTCTTCATGCT 
CTGATGTCGCTCAGATTACCtTAAAAGG 


6053 


Ser15Term 
TCA-TGA 


CCTTTTAAGGTAATCTGAGCGACATCAGAGCATGAAGMGCACCAT 

GATTGTTGAAAAGTCAAGTTnTTGACACAAAGTTAGAAGAAGCAGT 

CACAGTTGCCATTATGAACTACCCGTTTA 


6054 




AAGAACI IGACI 1 1 ICA 


6055 




TGAAAAGTCAAGTTCTT 


6056 


Waxy starch 
GBSS 

Arabidopsis thaliana 


IGACIGCI ICI ICIAACI 1 1 G 1 G 1 CAAGAAC 1 ICACI 1 1 ICAACAAI 
CATGGTGCTTCTTGATGCTCTGATGTCGCTCAGATTACCTTAAAAG 
GCCAATCCTTGACTCATTGTGGGTTAAG 


6057 


Ser24Term 
TCA-TGA 


CTTAACCCACAATGAGTCAAGGATTGGCCTTTTAAGGTAATCTGAG 
CGACATCAGAGCATCAAGAAGCACCATGATTGTTGAAAAGTGAAGT 
TCTTGACACAAAGTTAGAAGAAGCAGTCA 


6058 




TGCTTCTTGATGCTCTG 


6059 




CAGAGCATCAAGAAGCA 


6060 



WO 01/92512 



-147- 
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Phenotype, Gene, 
Plant & Targeted 

I Waxy starch 
GBSS 

\Arabidopsis thaliana 
Cys25Term 
TGC-TGA 



Waxy starch 
GBSS 

\Antirrhinum majus 
Lys24Term 
AAA-TAA 



I Waxy starch 
GBSS 

\Antirrhinum majus 
Leu27Term 
TTG-TAG 



I Waxy starch 
GBSS 

\Antirminum majus 
Gln29Term 
CAG-TAG 



IWaxy starch 
GBSS 

\Antirrhinum majus 
Gln35Term 
CAG-TAG 



Altering Oligos 

GTGCTTCTTCATGATCTGATGTCGCTCAGATTACCTTAAAAGGCCA 
ATrrTTttAnTnATTGTGGGTTAAGGTCA 



SEQ1D 
NO: 

6061 



TGACCTTMCCCACMTGAGTCMGGATTGGCCTTTTMGGTMTC 
TGAGCGACATCAGATCATGAAGAAGCACCATGATTGTTGAAAAGTG 

a Aryrrrm-fi ACACAAAGTTAGAAGAAGCA 



TCTTCATGATCTGATGT 



ACATCAGAICATGAAGA 



6062 



6063 



6064 



GTAACAGCTTCACAGTTGGTGTCACA I G TCCATGGTGG AGCAACG 
TCTTCACCGGATACTIAAACAAACTTGGCCCAGGTTGGCCTCAGG 

MCCAGCAATTCACTCACAATCGGTTGAGAr_ 



ATCTCMCCCATTGTGAGTGMTTGCTGGTTCCTGAGGCCMCCT 
GGGCCAAGTTTGTTTAAGTATCCGGTGAAGACGTTGCTCCACCAT 
^nAr.ATfiTGACACCAACTGTGAAGCTGTTAC 



6065 



CGGATACTIAAACAAAC 



GTTTGTTTAAGTATCCG _ 

CACAGTTGGTGTCACATGTCCATGG I GGAGCAACG I U 1 1 ^ACCGG 
ATACTAAAACAAACTAGGCCCAGGTTGGCCTCAGGAACCAGCAAT 

THAOTCACAATGGGTTGAGATCAATAAACAT 



6066 

6067 
"6068" 
"6069" 



ATGTTTATTGATCTCMCCCATTGTGAGTGAATTGCTGGTTCCTGA 
GGCCMCCTGGGCCIAGTTTGTTTTAGTATCCGGTGMGACGTTG 
r.Tr.OAnOATGGACATGTGACACCAACTGTG 



AACAAACTAGGCCCAGG 



CCTGGGCCIAGTTTGTT ____ 

TTGGTGTCACATGTCCATGGTGGAGCAACG I C 1 1 CAUCbbATACT 
AAAACAAACTTGGCCIAGGTTGGCCTCAGGAACCAGCAATTCACT 

rAP.AATGGGTTGAGATCAATAAACATGGTTG 



6070 



6071 



CAACCATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTT 
CCTGAGGCCAACCTAGGCCAAGTTTGTTTTAGTATCCGGTGMGA 
rfiTTGCTCCACCATGGACATGTGACACCAA 



ACTTGGCCIAGGTTGGC 



GCCAACCTAGGCCAAGT 

GGTGGAGCAACGTCTTCACCGGATAC I AAAACAAAU I I^CCCAG 
GTTGGCCTCAGGAACIAGCAATTCACTCACAATGGGTTGAGATCAA 

TAAAnATGGTTGATAAGCTTCAAATGAGGA 



6072 
"6073" 



6074 



.6075 



TCCTCATTTGMGCTTATCMCCATGTTTATTGATCTCMUUCATTG 
TGAGTGAATTGCTAGTTCCTGAGGCCAACCTGGGCCAAGTTTGTT 

TTAGTATCCGGTGAAGACGTTGCTCCACC 



6076 
"6077" 



6078 



WO 01/92512 



-148- 



PCT7US01/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration 


Altering Oligos 


ISiQiD 


- . 






TCAGGAACTAGCAATTC 


6079 




GAATTGCTAGTTCCTGA 


6080 


Waxy starch 
GBSS 

Antirrhinum majus 


GGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAGGTT 

GGCCTCAGGAACCAGTAATTCACTCACAATGGGTTGAGATCAATAA 

ACATGGTTGATAAGCTTCAAATGAGGAACA 


6081 


Gln36Term 
CM-TM 


TGTTCCTCATTTGAAGCTTATCAACCATGTTTATTGATCTCAACCCA 
TTGTGAGTGAATTACTGGTTCCTGAGGCCAACCTGGGCCAAGTTT 


6082 




GIN 1 AGTATCCGGTGAAGACGTTGCTCC 






GGAACCAGIAATTCACT 


6083 




AGTGAATTACTGGTTCC 


6084 


Waxy starch 
GBSS 

Ipomoea batatas 


GTGATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTG 
GGGGTGCCACTTCTTGAGAATCAAAAGTGGGGTTGGGTCAATTAG 
CCCTGAGGAGCCAAGCTGTGACTCACAATG 


6085 


Gly20Term 
GGA-TGA 


CATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCAACC 
CCACI 1 1 IGATTCTCAAGAAGTGGCACCCCCACAGACATGAGAAA 
CAAAGTGTGAGGCAGTTATAGTCGCCATCAC 


6086 




CCACTTCTTGAGAATCA 


6087 




TGATTCTCAAGAAGTGG 


6088 


Waxy starch 
GBSS 

Ipomoea batatas 


ATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGG 

GTGCCACTTCTGGATAATCAAAAGTGGGGTTGGGTCAATTAGCCC 

TGAGGAGCCAAGCTGTGACTCACAATGGGT 


6089 


Glu21Term 
GAA-TAA 


ACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCA 
ACCCCACI 1 1 IGATTATCCAGAAGTGGCACCCCCACAGACATGAG 
AAACAAAGTGTGAGGCAGTTATAGTCGCCAT 


6090 




CTTCTG G AT AATC AAAA 


6091 




1 1 1 IGAI IAICCAGAAG 


6092 


Waxv starch 
GBSS 

Ipomoea batatas 


CGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGC 
CACTTCTGGAGAATGAAAAGTGGGGTTGGGTCAATTAGCCCTGAG 
GAGCCAAGCTGTGACTCACAATGGGTTGAG 


6093 


Ser22Term 
TCA-TGA 


CTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGA 
CCCAACCCCACI 1 1 1 CATTCTCCAGAAGTGGCACCCCCACAGACA 
TGAGAAACAAAGTGTGAGGCAGTTATAGTCG 


6094 




TGGAGAATGAAAAGTGG 


6095 




CCACTTTTCATTCTCCA 


6096 



WO 01/92512 
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- 149- 




Waxy starch 
GBSS 

Ipomoea batatas 

Lys23Term 

AAA-TAA 



ACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCA 
CTTCTGGAGAATCAIAAGTGGGGTTGGGTCAATTAGCCCTGAGGA 
GCCAAGCTGTGACTCACAATGGGTTGAGAC 



GTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATT 
GACCCAACCCCACTTATGATTCTCCAGAAGTGGCACCCCCACAGA 

r.ATGAGAAACAAAGTGTGAGGCAGTTATAGT 



GAGAATCAIAAGTGGGG 



CCCCACTTATGATTCTC 



6098 



6099 



6100 



Waxy starch 
GBSS 

Ipomoea batatas 

Leu26Term 

TTG-TAG 



Waxy starch 
GBSS 
Astragalus 
membranaeus 
Tyr8Term 
TAT-TAG 



Waxy starch 
GBSS 
Astragalus 
membranaeus 
Ser1 1Term 
TCG-TAG 



CCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCACTTCTGGAGA 
ATCAAAAGTGGGGTAGGGTCAATTAGCCCTGAGGAGCCAAGCTGT 
GACTCACAATGGGTTGAGACCTGTGAACAA 



TTGTTCACAGGTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCA 
GGGCTAATTGACCCIACCCCACTTTTGATTCTCCAGMGTGGCAC 
nnCCACAGACATGAGAAACAAAGTGTGAGG 



AGTGGGGTAGGGTCAAT 



ATTGACCCIACCCCACT 

CATCGGCGATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAAC 
GGTGACGGGGTCTTAGGTGGTGTCGAGAAGCGCGTGCTTCAATTC 

GCAGGGAAGAACAGAAGCCAAAGTGAATTCA 



TGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATTGAAGCACGCG 
CTTCTCGACACCACCTAAGACCCCGTCACCGTTGCCATTCTGTGA 
GAGAGCAGTAAGGAGCAACAATCGCCGATG . 



GGGTCTTAGGTGGTGTC 



GACACCACCTAAGACCC 

ATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGG I GACGG 
GGTCTTATGTGGTGTAGAGAAGCGCGTGCTTCAATTCCCAGGGAA 

GAACAGAAGCCAAAGTGAATTCACCTCAGAA 



TTCTGAGGTGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATTGA 
AGCACGCGCTTCTCTACACCACATAAGACCCCGTCACCGTTGCCA 
TTCTGTGAGAGAGCAGTAAGGAGCAACAAT 



TGTGGTGTAGAGAAGCG 



CGCTTCTCIACACCACA 



6101 



6102 



6103 



6104 

ITbT 



6106 



6107 



6108 
1W 



6110 



6111 
"6112" 



WO 01/92512 



-150- 



PCI7US01/17672 



i lanotype, Gene, 
Plant & Targeted 


3 

Altering Oligos 


NO; 


Alteration 

Waxv starch 

GBSS 

Astragalus 

membranaeus 

Arg12Term 

AGA-TGA 


TGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGGGG 
TCTTATGTGGTGTCGTGAAGCGCGTGCTTCAATTCCCAGGGAAGA 
ACAGAAGCCAAAGTGAATTCACCTCAGAAGA 


6113 


TCTTCTGAGGTGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATT 

GAAGCACGCGCTTCACGACACCACATMGACCCCGTCACCGTTGC 

CATTCTGTGAGAGAGCAGTAAGGAGCAACA 


6114 


TGGTGTCGIGAAGCGCG 


6115 


CGCGCTTCACGACACCA 


6116 


Waxv starch 

GBSS 

Astragalus 

membranaeus 

Cys15Term 

TGC-TGA 


ACTGCTCTCTCACAGAATGGCAACGGTGACGGGGTCTTATGTGGT 
GTCGAGAAGCGCGTGATTCAATTCCCAGGGAAGAACAGAAGCCAA 
AGTGAATTCACCTCAGAAGATAAATCTCAAT 


6117 


ATTGAGATTTATCTTCTGAGGTGMTTCACTTTGGCTTCTGTTCTTC 
CCTGGGAATTGAATCACGCGCTTCTCGACACCACATAAGACCCCG 
TCACCGTTGCCATTCTGTGAGAGAGCAGT 


6118 


AGCGCGTGATTCAATTC 


6119 


GAATTGAATCACGCGCT 


6120 


Waxv starch 

GBSS 

Astragalus 

membranaeus 

Gln19Term 

CAG-TAG 


CACAGAATGGCAACGGTGACGGGGTCTTATGTGGTGTCGAGAAGC 

GCGTGCTTCAATTCCTAGGGMGAACAGAAGCCAAAGTGAATTCA 

CCTCAGAAGATAAATCTCAATAGCCAAGCAT 


6121 


ATGCTTGGCTATTGAGATTTATCTTCTGAGGTGAATTCACTTTGGCT 
TCTGTTCTTCCCTAGGAATTGAAGCACGCGCTTCTCGACACCACAT 
AAGACCCCGTCACCGTTGCCATTCTGTG 


6122 


TCAATTCCIAGGGAAGA 


6123 


TCTTCCCTAGGAATTGA 


6124 


Waxv starch 
GBSS 

Solanum tuberosum 

Ser7Term 

TCA-TGA 


TGTAGCTTGGTAGATTCCCCTTTTTGTAGACCACACATCACATGGC 
AAGCATCACAGCTTGACACCACTTTGTGTCAAGAAGCCAAACTTCA 
CTAGACACCAAATCAACCTTGTCACAGAT 


6125 


ATCTG TGACAAGG 1 1 GA 1 1 1 GG I G I C I AG I GAAG 1 1 ' 1 GGCTTCTTG 
ACACAAAGTGGTGTCAAGCTGTGATGCTTGCCATGTGATGTGTGG 
TCTACAAAAAGGGGAATCTACCAAGCTACA 


6126 


CACAGCTTGACACCACT 


6127 


AGTGGTGTCAAGCTGTG 


6128 


Waxy starch 
GBSS 

Solanum tuberosum 

Ser12Term 

TCA-TGA 


TCCCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTC 
ACACCACTTTGTGTGAAGAAGCCAAACTTCACTAGACACCAAATCA 
ACCTTGTCACAGATAGGACTCAGGAACCA 


6129 . 


TGGTTCCTGAGTCCTATCTGTGACMGGTTGATTTGGTGTCTAGTG 
AAGTTTGGCTTCTTCACACAAAGTGGTGTGAAGCTGTGATGCTTGC 
CATGTGATGTGTGGTCTACAAAAAGGGGA 


6130 



WO 01/92512 



-151- 



PCTAJS01/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration i 


Altering Oligos 

L 


IMI 


< 


CTTTGTGTGAAGAAGCC 


6131 


■ 


GGCTTCTTCACACAAAG 


6132 


Waxy starch 
GBSS 

Solanum tuberosum 


CCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTCAC 
ACCACTTTGTGTCATGAAGCCAAACTTCACTAGACACCAAATCAAC 
r.TTGTCACAGATAGGACTCAGGAACCATA _ . 


6133 


,Arg13Term 
AGA-TGA 


TATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTU it; l At. 
TGAAGTTTGGCTTCATGACACAAAGTGGTGTGAAGCTGTGATGCTT 

GCCATGTGATGTGTGGTCTACAAAAAGGG 


6134 




TTGTGTCAIGAAGCCAA 


6135 




TTGGCTTCATGACACAA 


6136 


Waxy starch 
GBSS 

So/anum tuberosum 


TTGTAGACCACACATCACATGGCAAGCATCACAGCTTCACACCACT 

TTGTGTCMGAAGCTAAACTTCACTAGACACCAAATCAACCTTGTC 

ACAGATAGGACTCAGGAACCATACTCTGA 


6137 


Gln15Term 
CAA-TAA 


TCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTGAl I Ibbi 
GTCTAGTGAAGTTTAGCTTCTTGACACAAAGTGGTGTGAAGCTGTG 

ATGCTTGCCATGTGATGTGTGGTCTACAA 


6138 




CAAGAAGCTAAACTTCA 


6139 




TGAAGTTTAGCTTCTTG 


6140 


I Waxy starch 
GBSS 

Solanum tuberosum 

Ser17Term 

TCA-TGA 


CCACACATCACATGGCAAGCATCACAGCTTCACACCACTTTGTGTC; 
AAGAAGCCAAACTTGACTAGACACCAAATCAACCTTGTCACAGATA 
RGACTCAGGAACCATACTCTGACTCACAA 


6141 


TTGTGAGTCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAUU 1 1 b 
ATTTGGTGTCTAGTCMGTTTGGCTTCTTGACACAAAGTGGTGTGA 

AGCTGTGATGCTTGCCATGTGATGTGTGG 


6142 




CCAAACTTGACTAGACA 


6143 




TGTCTAGTCAAGTTTGG 


6144 


Waxy starch 
GBSS 

\ Pisum sativum 
Gly6Term 
GGA-TGA 


GTCGATCACTCTTCTCTCACCGCCGAAACAGA 1 1 1 1 GACACAAAAA 
TGGCAACAATAACGTGATCTTCAATGC0GAOtiAbAAUUVj^«j i ^ i 
TCAATTACCAAGGAAGATCAGCAGAGTCTA 


6145 


TAGACTCTGCTGATCTTCCTTGGTAATTGMGCACGCGG 1 1 CTCGT 
CGGCATTGAAGATCACGTTATTGTTGCCA 1 1 1 1 1 GTGTCAAAATCT 
GTTTCGGCGGTGAGAGAAGAGTGATCGAC 


6146 




CAATAACGIGATCTTCA 


6147 




TGAAGATCACGTTATTG 


6148 



WO 01/92512 



PCT/US01/17672 



-152- 



Phenotype, Gene, 




$EQ ID 
NO: 


Plant & Targeted 


Altering Oligos 






•.<.•••• 


Waxy starch 
GBSS 

P/sum sativum 


ACTCTTCTCTCACCGCCGAAACAGATTTTGACACAAAAATGGCAAC 
AATAACGGGATCTTGAATGCCGACGAGAACCGCGTGCTTCAATTA 
CCAAGGAAGATCAGCAGAGTCTAAACTGAA 


6149 


Ser8Term 
TCA-TGA 


I ICAGI I IAGACICIGCIGAICI ICCI I GG I AA TTGAAGCACGCGG 
TTCTCGTCGGCATTC AAGATCCCGTTATTGTTGCCA 1 1 1 1 I GTGTC 
AAAATCTGTTTCGGCGGTGAGAGAAGAGT 


6150 




GGGATCTTGAATGCCGA 


6151 




TCGGCATTCAAGATCCC 


6152 


Waxy starch 
GBSS 

Pisum sativum 


ACCGCCGAAACAGATTTTGACACAAAAATGGCAACAATAACGGGAT 

CTTCAATGCCGACGTGAACCGCGTGCTTCAATTACCAAGGAAGAT 

CAGCAGAGTCTAAACTGAATTTGCCTCAGA 


6153 


Arg12Term 
AGA-TGA 


TCTGAGGCAAATTCAGTTTAGACTCTGCTGATCTTCCTTGGTAATT 
GAAGCACGCGGTTCACGTCGGCATTGAAGATCCCGTTATTGTTGC 
CAI 1 1 1 I GTGTCAAAATCTGTTTCGGCGGT 


6154 




TGCCGACGIGAACCGCG 


6155 




CGCGGTTCACGTCGGCA 


6156 


Waxv starch 
GBSS 

Pisum sativum 


AGATTTTGACACAAAAATGGCAACAATAACGGGATCTTCAATGCCG 

acgagaaccgcgtgattcaa™ccaaggaagatcagcagagtct 
aaactgaatttgcctcagatacacttcaat 


6157 


Cys15Term 
TGC-TGA 


attgaagtgtatctgaggcaaattcagtttagactctgctgatctt 
ccttggtaattgaatcacgcggttctcgtcggcattgaagatccc 
gttattgttgcca 1 1 1 1 1 gtgtcaaaatct 


6158 




ACCGCGTGATTCAATTA 


6159 




TAATTGAATCACGCGGT 


6160 


Waxv starch 
GBSS 

P/sum sativum 


CACAAAAATGGCAACAATAACGGGATCTTCAATGCCGACGAGAAC 

CGCGTGCTTCAATTAGCAAGGAAGATCAGCAGAGTCTAAACTGAAT 

TTGCCTCAGATACACTTCAATAACAACCAA 


6161 


Tyr18Term 
TAC-TAG 


TTGGTTGTTATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTG 
CTGATCTTCCTTGCTAATTGAAGCACGCGGTTCTCGTCGGCATTGA 
AGATCCCGTTATTGTTGCCATTTTTGTG 


6162 




TTCAATTAGCAAGGAAG 


6163 




CTTCCTTGCTAATTGAA 


6164 


Waxy starch 
GBSS 

Manihot esculenta 


TCTACACCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATT 

TCGTTTCCAGGAGCTGACACTTGAGCATCCATGCATTAGAGACTAA 

GGCTAATAATTTGTCTCACACTGGACCCTG 


6165 


Ser14Term 
TCA-TGA 


CAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTAATGCAT 
GGATGCTCAAGTGTCAGCTCCTGGAAACGAAATGTGCAGCTATTA 
CAGTTGCCATGGTGCTCTCTCCGGTGTAGA 


6166 



WO 01/92512 



-153- 



PCT/US01/17672 









rphenotype. Gene, 
Plant & Targeted 


Altering Oligos 

• / 




v Alteration- : ? ;; | 


CAGGAGCTGACACTTGA 


6167 1 




TCAAGTGTCAGCTCCTG 


6168 I 

6169 j 


Waxy starch 
GBSS 

\ Manihot esculenta 
Leu16Term 
TTG-TAG 


CCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATTTCGTTT 
CCAGGAGCTCACACTAGAGCATCCATGCATTAGAGACTAAGGCTA 
ATAATTTGTCTCACACTGGACCCTGGACCCA 




TGGGTCCAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTrj ILIA 
ATGCATGGATGCTCTAGTGTGAGCTCCTGGAAACGAAATGTGCAG 
CTATTACAGTTGCCATGGTGCTCTCTCCGG 


v 6170 


CTCACACTAGAGCATCC 


6171 J 


GGATGCTCIAGTGTGAG 


6172 I 


I Waxy starch 
GBSS 

\ Manihot esculenta 
Leu21Term 
TTA-TGA 


TGGCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTl 
GAGCATCCATGCATGAGAGACTAAGGCTAATAATTTGTCTCACAC1 
GGACCCTGGACCCAAACTATCACTCCCAA 


" 6173 

j 


TTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAA 1 1 a 
TTAGCCTTAGTCTCTCATGCATGGATGCTCAAGTGTGAGCTCCTG 
AAACGAAATGTGCAGCTATTACAGTTGCCA 


k 6174 
G I 


CCATGCATGAGAGACTA 


6I75J 


TAGTCTCTCATGCATGG 


6176 J 


Waxy starch 
GBSS 

Manihot esculenta 

Glu22Term 

GAG-TAG 


GCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTG 
GCATCCATGCATTATAGACTMGGCTMTMTTTGTCTOAOAO I 
ACCCTGGACCCAAACTATCACTCCCAATG 


A 6177 


CATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGAUAAA 
TATTAGCCTTAGTCTATAATGCATGGATGCTCAAGTGTGAGCTCC 
GGAAACGAAATGTGCAGCTATTACAGTTGC 


t 6178 
T 


ATGCATTAIAGACTAAG 


6179 


CTTAGTCTATAATGCAT 


6180 J 
;c 6181 


Waxy starch 
GBSS 

Manihot esculenta 

Lys24Term 

AAG-TAG 


= GTMTAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGAGCATC 
ATGCATTAGAGACTTAGGCTAATAATTTGTCTCACACTGGAUUOi 
GACCCAAACTATCACTCCCAATGGTTTAA 


TTAAACCATTGGGAGTGATAGTTTGGGTCCAGGGTCCAG IGIUA 
ACAAATTATTAGCCTAAGTCTCTAATGCATGGATGCTCAAGTGTG 

GCTCCTGGAAACGAAATGTGCAGCTATTAC 


G 6182 
A | 


TAGAGACTTAGGCTAAT 


6183 I 


ATTAGCCTAAGTCTCTA 


6184 I 



WO 01/92512 



-154- 



PO7US01/17672 



Phenotype, Gene, • 
Plant & Targeted 
- Alfpration 


* 


SEQ \B 
NO: 


Altering Oligos 


Waxy starch 
GBSS 

Phaseolus vulgaris 


ACAACTCCTCCGTCACCGGTATAAGCATGGCAACGGTATCGATGG 
CATCGTGCGTGGCGTGAAAAGGCGCGTGGAGTACAGAGACAAAA 
GTGAAATCTTCGGGTCAGATGAGCCTGAACCG 


6185 


Ser12Term 
TCA-TGA 


CGGTTCAGGCTCATCTGACCCGMGATTTCACTTTTGTCTCTGTAC 
TCCACGCGCCI 1 1 1 CACGCCACGCACGATGCCATCGATACCGTTG 
CCATGCTTATACCGGTGACGGAGGAGTTGT 


6186 




CGTGGCGTGAAAAGGCG 


6187 




CGCCI 1 1 ICACGCCACG 


6188 


Waxy starch 
GBSS 

Phaseolus vulgaris 


CACCGGTATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGC 
GTCAAAAGGCGCGTGAAGTACAGAGACAAAAGTGAAATCTTCGGG 
TCAGATGAGCCTGAACCGTCATGAATTGAAA 


6189 


Trp16Term 
TGG-TGA 


TTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGATTTCACT 
TTTGTCTCTGTACTTCACGCGCC I I 1 1 GACGCCACGCACGATGCC 
ATCGATACCGTTGCCATGCTTATACCGGTG 


6190 




GGCGCGTGAAGTACAGA 


6191 




TCTGTACTTCACGCGCC 


6192 


Waxy starch 
GBSS 

Phaseolus vulgaris 


ATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAA 
GGCGCGTGGAGTACATAGACAAAAGTGAAATCTTCGGGTCAGATG 
AGCCTGAACCGTCATGAATTGAAATACGATG 


6193 


Glu19Term 
GAG-TAG 


CATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGA 
TTTCAC 1 1 1 I G I C I A I G I AC I CCACGCGCCTTTTGACGCCACGCAC 
GATGCCATCGATACCGTTGCCATGCTTAT 


6194 




GGAGTACATAGACAAAA 


6195 




IIIIGICIAIGIACICC 


6196 


Waxy starch 
GBSS 

Phaseolus vulgaris 


ATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGC 
GTGGAGTACAGAGACATAAGTGAAATCTTCGGGTCAGATGAGCCT 
GAACCGTCATGAATTGAAATACGATGGGTTGA 


6197 


Lys21Term 
AAA-TAA 


TCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACC 
CGAAGATTTCACTTATGTCTCTGTACTCCACGCGCCI 1 1 IGACGCC 
ACGCACGATGCCATCGATACCGTTGCCAT 


6198 




CAGAGACATAAGTGAAA 


6199 




TTTCACTTATGTCTCTG 


6200 


Waxy starch 
GBSS 

Phaseolus vulgaris 


ACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGCGTGGAG 
TACAGAGACAAAAGTGTAATCTTCGGGTCAGATGAGCCTGMCCG 
TCATGAATTGAAATACGATGGGTTGAGATCTC 


6201 


Lys23Term 
AAA-TAA 


GAGATCTCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCAT 
CTGACCCGMGATTACACTTTTGTCTCTGTACTCCACGCGCCTTTT 
GACGCCACGCACGATGCCATCGATACCGT . 


6202 



WO 01/92512 



PCT/US01/17672 



155- 



Phenotype, Gene, 
Plant& Targeted 



lllllii 



Altering Oligos 



ill 



CAAAAGTGIAATCTTCG 



I Waxy starch 
GBSS 

Triticum aestivum 

Tyr7Term 

TAT-TAG 



CGAAGATTACACTTT 

GCGCCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCAUCAATGG 
GTTCCATTCCTAATTAGTGTTCTTATCAAACAMCAGTGTTGGTTCA 

nTfiAAACTGTCGCCTCACATCCAATTCCAG 



[Waxy starch 
GBSS 

Triticum aestivum 

CysSTerm 

TGT-TGA 



mmm 

NO: 



6203 



CTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCAACACTGTTT 
GTTTGATAAGAACACTAATTAGGAATGGAACCCATTGGTGCAGCCT 
nTr.AATGACGACCTTTTCGAGCTAGGCGC 



6204 



6206 



C CTAATT AGTGTTCTTA 



TAAGAACACTAATTAGG 



TC 



CCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACUAATGGG 
CATTCCTMTTATTGATCTTATCAAACAAACAGTGTTGGTTCACTGA 

AACTGTCGCCTCACATCCAATTCCAGCAA 



TTGCTGGMTTGGATGTGAGGCGACAGTTTCAGTGAACCAACACT 
GTTTGTTTGATAAGAICAATAATTAGGAATGGAACCCATTGGTGCA 
nnnTCTCAATGACGACCTTTTCGAGCTAGG . 



AATTATTGATCTTATCA 



6207 



6208 



6209 



6210 



6211 



TGATAAGATCAATAATT 



Waxy starch 
GBSS 

Writicum aestivum 
TyrlOTerm 
TAT-TAG 



TCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCC 
TMTTATTGTTCTTAGCAAACAAACAGTGTTGGTTCACTGAAACTGT 

CGCCTCACATCCAATTCCAGCAATCTTGT 



I Waxy starch 
GBSS 

Writicum aestivum 
Gln11Term 
CAA-TAA 



ACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACC 
MCACTGTTTGTTTGCTAAGAACAATAATTAGGAATGGAACCCATT 

GGTGCAGCCTCTCAATGACGACCTTTTCGA , 



TGTTCTTAGCAAACAAA 



TTTGTTTGCTAAGAACA 

CGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGG I I UUATTCCT 
MTTATTGTTCTTATTAAACAAACAGTGTTGGTTCACTGAAACTGTC 

nnCTCACATCCAATTCCAGCAATCTTGTA 



6212 



6213 



6214 



6215 



TACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAAC 
CMCACTGTTTGTTTAATAAGAACAATAATTAGGMTGGAACCCATT 

nGTGCAGCCTCTCAATGACGACCTTTTCG 



6216 
6217 



6218 



GTTCTTATIAAACAAAC 



GTTTGTTTAATAAGAAC 



6219 
6220 



WO 01/92512 



-156- 



PCT/US01/17672 



Phenoiype,: Ge"ne, : : 


■ 


SEQID 


Plant & Targeted 


Altering OHgos 




Alteration 






Waxy starch 
GBSS 

Triticum aestivum 


AGGCTGCACCAATGGGTTCCATTCCTAATTATTGTTCTTATCAAACA 
AACAGTGTTGGTTGACTGAAACTGTCGCCTCACATCCAATTCCAGC 
AATCTTGTAACAATGAAGTTATGTTCCT 


6221 


Ser17Term 
TCA-TGA 


AGGAACATAACTTCATTGTTACAAGATTGCTGGAATTGGATGTGAG 
GCGACAGTTTCAGTCAACCAACACTGTTTGTTTGATAAGAACAATA 
ATTAGGAATGGAACCCATTGGTGCAGCCT 


6222 




TGTTGGTTGACTGAAAC 


6223 




GTTTCAGTCAACCAACA 


6224 


Waxy starch 
GBSS 

Triticum aestivum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCG 
GATGCGGCTCTCGGCATGAGGACCGTCGGAGCTA 


6225 


Gln28Term 
CAG-TAG 


TAGCTCCGACGGTCCTCATGCCGAGAGCCGCATCCGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6226 




CAGGTTTCTAGGGCGTG 


6227 




CACGCCCTAGAAACCTG 


6228 


Waxy starch 
GBSS 

Triticum aestivum 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCGGATGCGGCTC 
TCGGCATGAGGACCGTCTGAGCTAGCGCCGCCCCAACGCAAAGC 
CGGAAAGCGCACCGCGGGACCCGGCGGTGCCTCT 


6229 


Gly46Term 
GGA-TGA 


AGAGGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGCGTT 
GGGGCGGCGCTAGCTCAGACGGTCCTCATGCCGAGAGCCGCATC 
CGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6230 




GGACCGTCIGAGCTAGC 


6231 




GCTAGCTCAGACGGTCC 


6232 


Waxy starch 
GBSS 

Triticum aestivum 


CGGAGCCCGGCGGATGCGGCTCTCGGCATGAGGACCGTCGGAG 

CTAGCGCCGCCCCAACGTAAAGCCGGAMGCGCACCGCGGGACC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACCG 


6233 


Gln53Term 
CAA-TM 


CGGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTACGTTGGGGCGGCGCTAGCTCCGACGG 
TCCTCATGCCGAGAGCCGCATCCGCCGGGCTCCG 


6234 




CCCCAACGIAAAGCCGG 


6235 




CCGGCTTTACGTTGGGG 


6236 


Waxy starch 
GBSS 

Triticum aestivum 


GCGGATGCGGCTCTCGGCATGAGGACCGTCGGAGCTAGCGCCG 
CCCCAACGCAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCG 


6237 


Lys56Term 
AAA-TAA 


CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GGTCCCGCGGTGCGCTTACCGGCTTTGCGTTGGGGCGGCGCTAG 

CTCCGACGGTCCTCATGCCGAGAGCCGCATCCGC 


6238 



WO 01/92512 



PCT/US01/17672 



157 • 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 



AAAGCCGGIMGCGCAC 



GTGCGCTTACCGGCTTT 



3E§ ID 

NO: 

lilt!!'" 

6239 



6240 



I Waxy starch 
GBSS 

Triticum aestivum 

Glu85Term 

GAG-TAG 



CTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCUCaCjATGAACCT 
CGTGTTCGTCGGCGCCIAGATGGCGCCCTGGAGCAAGACCGGCG 
nnrmGGCGACGTCCTCGGGGGCCTCCCCCCAG 



CTGGGGGGAGGCCCCCGAGGACGTCGCCGAGGCCGCCGGTCTT 
GCTCCAGGGCGCCATCTAGGCGCCGACGAACACGAGGTTCATGC 
P.GC.OGCTGCCGGTGGCGCGCACCACCATGGAGAG 



TCGGCGCCIAGATGGCG 



CGCCATCTAGGCGCCGA 



tWaxy starch 
GBSS 

Writicum aestivum 
Gln8Term 
C AG-TAG 



GTCGTCTCTCGCTGCAGGTAGCCACACCCTGCGCGCUUUATGGC 
GGCTCTGGTCACGTCGIAGCTCGCCACCTCCGGCACCGTCCTCG 
ftnATGACCGACAGGTTCCGGCGTGCAGGTTTTC 



I Waxy starch 
GBSS 

Writicum aestivum 
Gln28Term 
CAG-TAG 



GAAAACCTGCACGCCGGAACCTGTCGGTGATGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTACGACGTGACCAGAGCCGCCATCGCGC 
ftnttCAGGGTGTGGCTACCTGCAGCGAGAGACGAC 



TCACGTCGIAGCTCGCC 



GGCGAGCTACGACGTGA 

CAGCTCGCCACCTCCGGCACCGTCC I CGGCATCACCUAUAGGTT 
CCGGCGTGCAGGTTTTIAGGGTGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 



6241 



6242 



6243 



6244 



6245 



6246 



6247 



TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
fiATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 



CAGGTTTTTAGGGTGTG 



CACACCCTAAAAACCTG 



6248 
"6249" 



6250 



6251 



6252 
= 6253 = 



I Waxy starch 
GBSS 

Writicum aestivum 
Lys52Term 
AAG-TAG 



CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGUACTACCG 
GAGCGAGCGCCGCCCCGIAGCAACAAAGCCGGAAAGCGCACCG 

nGG GACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 

CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
THATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 



6254 



CCGCCCCGIAGCAACAA 
TTGTTGCTACGGGGCGG 



6255 
6256 



WO 01/92512 



PCT/US01/17672 



-158- 



Phenofype, Gene, 


-, 


rssato. 

NO: 


Plant & Targeted 


Altering OJigos 






Waxv starch 

V V W*X\ W LXAI W 1 1 

GBSS 

Triticum aestivum 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 

XX X«X XX* V-X XX V-/ XX XX \X* 1 1 XX XX XX XX XX XX 1 XX V V XX* » ■ » XX W * # »X^ X^ X^ X^* »w 

CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6257 


Gln53Term 
CAA-TAA 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6258 




CCCCGAAGTAACAAAGC 


6259 




GCTTTGTTACTTCGGGG 


6260 


Waxv starch 
GBSS 

Triticum aestivum 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6261 


Gln54Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6262 




CGAAGCAATAAAGCCGG 

XX XX/ \# \ XX XX* w y 1 # u \J \ XX XX XX XX XX 


6263 




CCGGCTTTATTGCTTCG 


6264 


Waxv starch 
GBSS 

Triticum durum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCTAGGGCGTGAGGCCCCGGAACCCGGCG 
GATGCGGCCCTCGTCATGAGGACTATCGGAGCGA 


6265 


Gln28Term 
CAG-TAG 


TCGCTCCGATAGTCCTCATGACGAGGGCCGCATCCGCCGGGTTC 

1 XX XX XX 1 XX XX XX* % i M % XX 1 XX XX B XX M \ 1 XX* »XX XX* * XX XX XX XX XX XX XX* » 1 XX XX XjX XX XX XX XX XX 1 ■ XX 

CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6266 




CAGGTTTCTAGGGCGTG 


6267 




CACGCCCTAGAAACCTG 


6268 


Waxv starch 
GBSS 

Triticum durum 


CCCCGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGG 
AGCGAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 
AGCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6269 


Lys52Term 
AAG-TAG 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTCGCTCCGATAGTCC 
TCATGACGAGGGCCGCATCCGCCGGGTTCCGGGG 


6270 




CCGCCCCGTAGCAAAGC 

XX XX X^ XX XX XX XX XX 1 * \xxxx* V w * XX XX 


6271 




GCTTTGCTACGGGGCGG 


6272 


Waxy starch 
GBSS 

Triticum durum 


CGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGGAGC 

GAGCGCCGCCCCGAAGTAAAGCCGGAAAGCGCACCGCGGGAGC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6273 


Gln53Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCG 
GTGCGCTTTCCGGCTTTACTTCGGGGCGGCGCTCGCTCCGATAG 
TCCTCATGACGAGGGCCGCATCCGCCGGGTTCCG 


6274 



WO 01/92512 



PCT/US01/17672 



159- 



"Phenotype, Gene, 
Plant & Targeted 
A, teration 



Altering Oligos 



I Waxy starch 
GBSS 

Writicum durum 
Lys56Term 
AAA-TAA 



Waxy starch 
GBSS 

Triticum durum 

Cys64Term 

TGC-TGA 



I Waxy starch 
GBSS 

iTriticum turgidum 

Gln28Term 

CAG-TAG 



[Waxy starch 
GBSS 

ITriticum turgidum 
Lys52Term 
AAG-TAG 



CCCCGAAGIAAAGCCGG 



CCGGCTTTACTTCGGGG 

GCGGATGCGGCCCTCGTCATGAGGACTATCGGAGUUAGCGCCGC 
CCCGAAGCAAAGCCGGIAAGCGCACCGCGGGAGCCGGCGGTGC 
HTOTCCATGGTGGTGCGCGCCACGGGCAGCGGCG 



NO: 
6275 



CGCCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 
GCTCCCGCGGTGCGCTTACCGGCTTTGCTTCGGGGCGGCGCTCG 
nTOCGATAGTCCTCATGACGAGGGCCGCATCCGC 



AAAGCCGGIMGCGCAC 



GTGCGCTTACCGGCTTT 



TATCGGAGCGAGCGCCGCCCCGAAGCAAAGCCGGAMGCGCACC 
GCGGGAGCCGGCGGTGACTCTCCATGGTGGTGCGCGCCACGGG 
CAGCGGCGGCATGAACCTCGTGTTCGTCGGCGCC 



GGCGCCGACGAACACGAGGTTCATGCCGCCGCTGCCCGTGGCG 
CGCACCACCATGGAGAGICACCGCCGGCTCCCGCGGTGCGCTTT 
HHfifiCTTTGCTTCGGGGCGGCGCTCGCTCCGATA 



CGGCGGTGACTCTCCAT 



ATGGAGAGTCACCGCCG 
CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTTTAGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCAJGAGGACTACCGGAGCGA. 



TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGMCCTGTCGGT 
fiATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 



CAGGTTTTIAGGGTGTG 



CACACCCTAAAAACCTG 



6276 
6277 



6278 



6279 



6280 



6281 



6282 



6283 



6284 



6286 



6287 



CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGUACTACCG 
GAGCGAGCGCCGCCCCGIAGCAACAAAGCCGGAAAGCGCACCG 
O.fiGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 



6288 



CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 



CCGCCCCGTAGCAACM 



6290 



6291 



WO 01/92512 



PC17US01/17672 



-160« 



Phenotype,Gene, 


Altering Oligos 


iliitii 

NO: 


Plant & Targeted 


Alteration 






Waxy starch 
GBSS 

Triticum turgidum 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6293 


Gln53Term 
CAA-TAA 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6294 




CCCCGAAGTAACAAAGC 


6295 




GCTTTGTTACTTCGGGG 


6296 


Waxy starch 
GBSS 

Triticum turgidum 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6297 


Gln54Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6298 




CGAAGCAATAAAGCCGG 


6299 




CCGGCTTTATTGCTTCG 


6300 


Waxy starch 
GBSS 

Triticum turgidum 


GATGCGCCGCTCGGCATGAGGACTACCGGAGCGAGCGCCGCCC 
CGAAGCAACAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACGGGCAGCGCCG 


6301 


Lys57Term 
AAA-TAA 


CGGCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 
GGTCCCGCGGTGCGCTTACCGGCTTTGTTGCTTCGGGGCGGCGC 
TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATC 


6302 




AAAGCCGGJAAGCGCAC 


6303 




GTGCGCTTACCGGCTTT 


6304 


Waxy starch 
GBSS 

Aegilops speltoides 


CAGCTCGCCACCTCCGCCACCGTCCTCGGCATCACCGACAGGTT 

CCGCCATGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 


6305 


Gln28Term 
CAG-TAG 


TCGCTCCGACAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCATGGCGGAACCTGTCGGT 
GATGCCGAGGACGGTGGCGGAGGTGGCGAGCTG 


6306 




CAGGTTTCIAGGGCGTG 


6307 




CACGCCCTAGAAACCTG 


6308 | 


Waxy starch 
GBSS 

Aegilops speltoides 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCAGATGCGCCGC 
TCGGCATGAGGACTGTCTGAGCGAGCGCCGCCCCGAAGCAACAA 
AGCCGGAAAGCGCACCGCGGGACCCGGCGGTGCC 


6309 


Gly46Term 
GGA-TGA 


GGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGTTGCTTC 
GGGGCGGCGCTCGCTCAGACAGTCCTCATGCCGAGCGGCGCAT 
CTGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6310 



WO 01/92512 



-161 - 



PCT/US01/17672 



Phendtype, Gene, 
Plants Targeted 
Alteration 



Altering Oligos 




SEQ1D 

HO: 



GGACTGTCIGAGCGAGC 



JWaxy starch 
GBSS 

Ueg/tops speltoides 
Lys52Term 
AAG-TAG 



GCTCGCTCAGACAGTCC 

CCCCGGAGCCCGGCAGATGCGCCGC I CGGCATGAC5GAU iGTCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 

rnnnACnCGGCGGTGCCTCTCGATGGTGGTGCGCG 



6311 



CGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGACAGTCC 
TrATfiCCGAGCGGCGCATCTGCCGGGCTCCGGGG 



CCGCCCCGTAGCMCAA 



TTGTTGCTACGGGGCGG 



6312 
~6313" 



6314 



[Waxy starch 
GBSS 

\Aegilops speltoides 
Gln53Term 
CAA-TAA 



CGGAGCCCGGCAGATGCGCCGC1CGGCAIGAGGACH3IUUGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
nAnnr.GGCGGTGCCTCTCGATGGTGGTGCGCGCCA 



TGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGACAG 
TrtnTr.ATGCCGAGCGGCGCATCTGCCGGGCTCCG 



CCCCGAAGTAACAAAGC 



I Waxy starch 
GBSS 

\Aegilops speltoides 
Gln54Term 
CAA-TAA 



GCTTTGTTACTTCGGGG 

AGCCCGGCAGATGCGCCGCTCGGCA I GAGGACTGTCGUAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
r.r.nnnGGTGCCTCTCGATGGTGGTGCGCGCCACCG 



CGGTGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGA 
PAryrr.P.TCATGCCGAGCGGCGCATCTGCCGGGCT 



CGAAGCMIAAAGCCGG 



CCGGCTTTATTGCTTCG 



I Waxy starch 
GBSS 

\Oryza glaberrima 
Gln8Term 
CAG-TAG 



AGTGCAGAGATCTTCCACAGCMCAGCTAGACMCCAUUAiGTCG 
GCTCTCACCACGTCCIAGCTCGCCACCTCGGCCACCGGCTTCGG 
p.ATP.ftr/rGACAGGTCGGCGCCGTCGTCGCTGC 



GCAGCGACGACGGCGCCGACCTGTCAGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
PiTTRTCTAGCTGTTGCTGTGGAAGATCTCTGCACT 



CCACGTCCIAGCTCGCC 



GGCGAGCTAGGACGTGG 



6315 



6316 



6317 



6318 



6319 



6320 
6321 



6322 



6323 



6324 
"6325" 



6326 



6327 



6328 



WO 01/92512 



-162- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 
Afteration 


Altering Oligos 


; ; SEQ ID 
ttQ: : 


Waxy starch ; 
GBSS 

Oryza glaberrima 

Ser12Term 

TCG-TAG 


TCCACAGCAACAGCTAGACAACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCTGACAGG 
TCGGCGCCGTCGTCGCTGCTCCGCCACGGGTT ! 


6329 


AACCCGTGGCGGAGCAGCGACGACGGCGCCGACCTGTCAGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTTGTCTAGCTGTTGCTGTGGA 


6330 


CGCCACCTAGGCCACCG 


6331 


CGGTGGCCTAGGTGGCG 


6332 


Waxy starch 
GBSS 

Oryza glaberrima 

Ser22Term 

TCG-TAG 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCTGACAGGTAGGCGCCGTCGTCGCTGCTCCGCCACGG 

GTTCCAGGGCCTCMGCCCCGCAGCCCCGCCGG 


6333 


CCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACCCGTGGCGGA 
GCAGCGACGACGGCGCCTACCTGTCAGCGATGCCGAAGCCGGTG 
GCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6334 


TGACAGGTAGGCGCCGT 


6335 


ACGGCGCCTACCTGTCA 


6336 


Waxy starch 
GBSS 

Oryza glaberrima 
Ser25T erm 
TCG-TAG . 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCT 

GACAGGTCGGCGCCGTAGTCGCTGCTCCGCCACGGGTTCCAGG 

GCCTCAAGCCCCGCAGCCCCGCCGGCGGCGACGC 


6337 


GCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACC 

CGTGGCGGAGCAGCGACTACGGCGCCGACCTGTCAGCGATGCC 

GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6338 


GGCGCCGTAGTCGCTGC 


6339 


GCAGCGACIACGGCGCC 


6340 


Waxy starch 
GBSS 

Oryza glaberrima 

Ser26Term 

TCG-TAG 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCTGAC 
AGGTCGGCGCCGTCGTAGCTGCTCCGCCACGGGTTCCAGGGCCT 
CAAGCCCCGCAGCCCCGCCGGCGGCGACGCGAC 


6341 


GTCGCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGA 
ACCCGTGGCGGAGCAGCTACGACGGCGCCGACCTGTCAGCGATG 
CCGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6342 


GCCGTCGTAGCTGCTCC 


6343 


GGAGCAGCIACGACGGC 


6344 ; 


Waxy starch 
GBSS 

Oryza sativa 

Gln8Term 

CAG-TAG 


TCCACAGCAAGAGCTAAACAGCCGACCGTGTGCACCACCATGTCG 

GCTCTCACCACGTCCTAGCTCGCCACCTCGGCCACCGGCTTCGG 

CATCGCCGACAGGTCGGCGCCGTCGTCGCTGC 


6345 


GCAGCGACGACGGCGCCGACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTGCACACGGTCGGCTGTTTAGCTCTTGCTGTGGA 


6346 



WO 01/92512 



PCT/US01/17672 



-163- 



Phenotype, Gene, 
Plant & Targeted 



I Waxy starch 
GBSS 

\Oryzasativa 
Ser12Term 
TCG-TAG 



p/Vaxy starch 
GBSS 

\Oryzasativa 
Ser22Term 
TCG-TAG 



I Waxy starch 
GBSS 

\Oryzasativa 
Ser25Term 
TCG-TAG 



I Waxy starch 
GBSS 

Oryza sativa 

Ser26Term 

TCG-TAG 



Altering Oligos 



mmm 

NO". 



mm 



CCACGTCCIAGCTCGCC 



GGCGAGCTAGGACGTGG 

CTAAACAGCCGACCGTGTGCACCACCATGTCGGCTC I CACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCCGACAGG 

Tr.fifiCGCCGTCGTCGCTGCTTCGCCACGGGTT 



6347 



AACCCGTGGCGAAGCAGCGACGACGGCGCCGACCTGTCGGCGAT 
GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 
nnr.RACATGGTGGTGCACACGGTCGGCTGTTTAG 



CGCCACCTAGGCCACCG 



6348 
H4T 



6350 



CGGTGGCCTAGGTGGCG 

CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 
GGCATCGCCGACAGGTAGGCGCCGTCGTCGCTGCTTCGCCACGG 
nrrnCAGGGCCTCAAGCCCCGTAGCCCAGCCGG 



CCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACCCGTGGCGAA 
GCAGCGACGACGGCGCCIACCTGTCGGCGATGCCGAAGCCGGT 
nnr.HfiAGGTGGCGAGCTGGGACGTGGTGAGAGCCG . 



CGACAGGTAGGCGCCGT 



ACGGCGCCTACCTGTCG 



6351 
"6352" 



6353 



6354 



6355 



6356 



CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCCiUUATCGCC 
GACAGGTCGGCGCCGTAGTCGCTGCTTCGCCACGGGTTCCAGGG 
nnTCAAGCCCCGTAGCCCAGCCGGCGGGGACGC 



GCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGMCC 
CGTGGCGAAGCAGCGACTACGGCGCCGACCTGTCGGCGATGCC 
GAAftOCGGTGGCCGAGGTGGCGAGCTGGGACGTGG . 



GGCGCCGTAGTCGCTGC 



GCAGCGACTACGGCGCC 

CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCA I UUCCGAC 
AGGTCGGCGCCGTCGTAGCTGCTTCGCCACGGGTTCCAGGGCCT 

HAAGCCCCGTAGCCCAGCCGGCGGGGACGCATC 



6357 



6358 



6359 



GATGCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAA 
CCCGTGGCGAAGCAGCIACGACGGCGCCGACCTGTCGGCGATGC 
r.nAAflnCGGTGGCCGAGGTGGCGAGCTGGGACG 



GCCGTCGTAGCTGCTTC 



GAAGCAGCTACGACGGC 



6362 



6363 



6364 



WO 01/92512 



-164- 



PCT/US01/17672 



Phenotype, Gene, 




ISEQID 






Plant & Targeted 

MttCF allOll 


Altering Oligos 


MO: ! 


Waxy starch 
GBSS 

Hordeum vulgare 


GTCTCTCACTGCAGGTAGCCACACCCTGTGCGCGGCGCCATGGC 
GGCTCTGGCCACGTCCTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCGTCACCGACAGATTCCGGCGTCCAGGTTTTC 


6365 


Gln8Term 
CAG-TAG 


GAAAACCTGGACGCCGGAATCTGTCGGTGACGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTAGGACGTGGCCAGAGCCGCCATGGCGC 
CGCGCACAGGGTGTGGCTACCTGCAGTGAGAGAC 


6366 




CCACGTCCTAGCTCGCC 


6367 




GGCGAGCTAGGACGTGG 


6368 


Waxy starch 
GBSS 

Hordeum vulgare 


ATGGCGGCTCTGGCCACGTCCCAGCTCGCCACCTCCGGCACCGT 

CCTCGGCGTCACCGACTGATTCCGGCGTCCAGGTTTTCAGGGCCT 

CAGGCCCCGGAACCCGGCGGATGCGGCGCTTG 


6369 


Arg21Term ! 
AGA-TGA 


CAAGCGCCGCATCCGCCGGGTTCCGGGGCCTGAGGCCCTGAAAA 

CCTGGACGCCGGAATCAGTCGGTGACGCCGAGGACGGTGCCGG 

AGGTGGCGAGCTGGGACGTGGCCAGAGCCGCCAT 


6370 




TCACCGACTGATTCCGG 


6371 




CCGGAATCAGTCGGTGA 


6372 


Waxy starch 
GBSS 

Hordeum vulgare 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCGTCACCGACAGATT 
CCGGCGTCCAGG 1 1 1 1 TAGGGCCTCAGGCCCCGGAACCCGGCGG 
ATGCGGCGCTTGGTATGAGGACTATCGGAGCAA 


6373 


Gln28Term 
CAG-TAG 


TTGCTCCGATAGTCCTCATACCAAGCGCCGCATCCGCCGGGTTCC 
GGGGCCTGAGGCCCTAAAAACCTGGACGCCGGAATCTGTCGGTG 
ACGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6374 




CAGGTTTTTAGGGCCTC 


6375 




GAGGCCCTAAAAACCTG 


6376 


Waxy starch 
GBSS 

Hordeum vulgare 


GGTTTTCAGGGCCTCAGGCCCCGGMCCCGGCGGATGCGGCGCT 

TGGTATGAGGACTATCTGAGCAAGCGCCGCCCCGAAGCAAAGCC 

GGAAAGCGCACCGCGGGAGCCGGCGGTGCCTCT 


6377 


Gly46Term 
GGA-TGA 


AGAGGCACCGCCGGCTCCCGCGGTGCGCTTTCCGGCTTTGCTTC 
GGGGCGGCGCTTGCTCAGATAGTCCTCATACCMGCGCCGCATC 
CGCCGGGTTCCGGGGCCTGAGGCCCTGAAAACC 


6378 




GGACTATCIGAGCAAGC 


6379 




GCTTGCTCAGATAGTCC 


6380 


Waxy starch 
GBSS 

Hordeum vulgare 


CCCCGGAACCCGGCGGATGCGGCGCTTGGTATGAGGACTATCGG 

AGCAAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 

AGCCGGCGGTGCCTCTCCGTGGTGGTGAGCGCCA 


6381 


Lys52Term 
AAG-TAG 


TGGCGCTCACCACCACGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTTGCTCCGATAGTCC 
TCATACCAAGCGCCGCATCCGCCGGGTTCCGGGG 


6382 



PCT/USO 1/17672 

WO 01/92512 

-165- 



10 



15 



20 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Waxy starch 
GBSS 
Zea mays 
Gln8Term 
CAG-TAG 



I Waxy starch 
GBSS 

\Zeamays 
Gln30Term 
CAG-TAG 



[Waxy starch 
GBSS 
Zea mays 
Ser38Term 
TCG-TAG 



I Waxy starch 
GBSS 

\ Zea mays 
Ser57Term 
CAG-TAG 



Altering Oligos 



CCGCCCCGIAGCAAAGC 



GCTTTGCTACGGGGCGG 



SEQ1D 
MO: 



1 



6384 



ACGTCTTTTCTCTCTCTCCTACGCAGTGGATTAATCGC3CA I uGCGG 
CTCTGGCCACGTCGTAGCTCGTCGCAACGCGCGCCGGCCTGGGC 

rrrrc raGACGCGTCCACGTTCCGCCGCGGCG . 

CGCCGCGGCGGAACGTGGACGCGTCCGGGACGCCCAGGCCGGC 
GCGCGTTGCGACGAGCTACGACGTGGCCAGAGCCGCCATGCCGA 
TTAATOCACTGCGTAGGAGAGAGAGAAAAGACGT 



CCACGTCGIAGCTCGTC 



GACGAGCTACGACGTGG 

GTCGCAACGCGCGCCGGCCTGGGCG I CCCGGACGCti I CCACGT 
TCCGCCGCGGCGCCGCGIAGGGCCTGAGGGGGGCCCGGGCGTC 

nnnnfiCQGCGGACACGCTCAGCATGCGGACCAGCG 



6386 



CGCTGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGCCCG 
GGCCCCCCTCAGGCCCTACGCGGCGCCGCGGCGGAACGTGGAC 
finCTr.CGGGACGCCCAGGCCGGCGCGCGTTGCGAC 



GCGCCGCGIAGGGCCTG 



GAGGCCCTACGCGGCGC 
TCCCGGACGCGTCCACGTTCCGCCGCGGCGCCGCGCAGGGCCT 
GAGGGGGGCCCGGGCGTAGGCGGCGGCGGACACGCTCAGCATG 
HfiRACCAGCGCGCGCGCGGCGCCCAGGCACCAGCA 



TGCTGGTGCCTGGGCGCCGCGCGCGCGCTGGTCCGCATGCTGA 
GCGTGTCCGCCGCCGCCIACGCCCGGGCCCCCCTCAGGCCCTG 
nfiCGGCGCCGCGGCGGAACGTGGACGCGTCCGGGA 



CCGGGCGTAGGCGGCGG 



CCGCCGCCIACGCCCGG 
oCGTCGGCGGCGGCGGACACGCTCAGGATGCGGAUUAGCGCGC 
GCGCGGCGCCCAGGCACIAGCAGCAGGCGCGCCGCGGGGGCA 
ftfiTTCCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCA 



6388 
6389" 



6391 



6396 
6397 



TGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCCCC 
GCGGCGCGCCTGCTGCTAGTGCCTGGGCGCCGCGCGCGCGCTG 
fiTCGGCATGCTGAGCGTGTCCGCCGCCGCCGACGC 



CCAGGCACIAGCAGCAG 



CTGCTGCTAGTGCCTGG 



6400 



WO 01/92512 



-166- 



PCT/US01/17672 



Phenotype. Gene, 










Altering Oligos 










|SEC)ID 


Plant & Targeted 
Alteration 






: M 












WO: 


Waxy starch 
GBSS 
Zea /nays 
Gln58Term 
CAG-TAG 


TCGGCGGCGGCGGACACGCTCA6CATGCGGACCAGCGCGCGCG 
CGGCGCCCAGGCACCAGTAGCAGGCGCGCCGCGGGGGCAGGTT 
CCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCATGA 


6401 


TCATGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCC 
CCGCGGCGCGCCTGCTACTGGTGCCTGGGCGCCGCGCGCGCGC 
TGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGA 


6402 


GGCACCAGTAGCAGGCG 


6403 


CGCCTGCTACTGGTGCC 


6404 



PCT/US01/17672 

WO 01/92512 

-167- 



Example11 
Altering fat t y acid conte nt of plants 

Improved means to manipulate fatty acid compositions, from biosynthetic or natural plant 
sources, are needed. For example, oils containing reduced saturated fatty acids are desired for dietary 
5 reasons and oils containing increased saturated fatty acids are also needed as alternatives to current 
sources of highly saturated oil products, such as tropical oils or chemically hydrogenated oils. It would 
therefore be advantageous to influence directly the production and composition of fatty acids in crop plants. 

Higher plants synthesize fatty acids, primarily palmitic, stearic and oleic acids, in the plastids 
(i e chloroplasts, proplastids, or other related organelles) as part of the Fatty Acid Synthase (FAS) complex. 
10 Fatty acid synthesis is the result of the three enzymatic activities: acyl-ACP elongase, acyl-ACP desaturase 
and acyl-ACP thioesterases specific for each of palmitoyl-, stearoyl- and oleoyl-ACP. 

A variety of enzymes have been identified that influence the relative levels of saturated vs. 
unsaturated fatty acids in plants. For example, the enzymes stearoyl-acyl earner protein (stearoyl-ACP) 
desaturase oleoyl desaturase and linoleate desaturase produce unsaturated fatty acids from saturated 
15 precursors. Similarly, relative enzymatic activities of the various acyl-ACP thioesterases influences the 

relative acyl-chain composition of the resultant fatty acids. Consequently a reduction or an increase of the 
activity of these enzymes can alter the properties of oils produced in a plant In fact specific targeting of 
particular enzymatic activities can results in altered levels of particular fatty acids. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
20 used to generate site-specific mutations in plant genes encoding proteins involved in fatty acid biosynthesis. 



25 



30 



Table 22 

Oligonucleotides to produce plants with reduced palmitate 




Phenotype, Gene, 
Ptant& Targeted 
Alteration 



Altering Oligos 



SEOID 

fiQ; 



Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Ser8Term 
TCG-TAG 



CACCTCTGCTACGTAGTCATTCTTTCCTGTACCATCTTCTTCACTT 
nATOCTAATGGAAAAGGCAATAAGATTGG 



CCMTCTTATTGCCTTTFCCATTAGGATCMGTGMGA/^ATGGTA 
CAGGAAAGAATGACIACGTAGCAGAGGTGGCCACCATGACGAGG 

AGATGAAGCGTTCAAAGACACTGCCACCAAA _ 



6406 



WO 01/92512 



-168- 



PCT/US01/17672 



: Pheno.type, Gene, ; 
: Plant & Targeted 
• Alteration 


• 


Altering Oligos 


NO: 




TGCTACGTAGTCATTCT 




6407 


A ft A AT ft A PT A HftT A ftft A 
AVjAA I oALrj_AL»o 1 AUUA 


6408 


Rprinrprl nalmitafp 

IXCUUuCU pail 1 IILGllx* 

Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Ser9Term 
TCA-TGA 


GGTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGCCA 

CCTCTGCTACGTCGTGATTCTTTCCTGTACCATCTTCTTCACTTGAT 

CCTAATGGAAAAGGCAATAAGATTGGGTC 


R4HQ 


/"N A a A TATT A 1 1 A/'N/'VT 1 I T /"> A A 1 T A A A A TA A A ATA A A A A A A A T A 

GACCCAATCTTATTGCC 1 1 1 1 CCATTAGGATCAAGTGAAGAAGATG 

GTACAGGAAAGAATCACGACGTAGCAGAGGTGGCCACCATGACGA 

GGAGATGAAGCGTTCAAAGACACTGCCACC 


6410 


TACGTCGTGATTCTTTC 


6411 


OA A AOA ATrAOPAPPTA 

uAAAoAA 1 LAL»uAL.o 1 A 


6412 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Ser17Term 
TCA-TGA 


ATCTCCTCGTCATGGTGGCCACCTCTGCTACGTCGTCATTCTTTCC 

TGTACCATCTTCTTGACTTGATCCTAATGGAAAAGGCAATAAGATT 

GGGTCTACGAATCTTGCTGGACTCAATTC 


6413 


ft A ATTYi A ftTftC* A /^P A A ft hTTftftT bfth POP A ATPTTATTPPPTTTTP 
b/v\ 1 1 bAb 1 LrLrAouAAoA 1 1 Ub 1 AUAOL/LrAA 1 0 1 1 A 1 1 ouO 1 1 1 I Lr 

CATTAGGATCAAGTCAAGAAGATGGTACAGGAAAGAATGACGACG 
TAGCAGAGGTGGCCACCATGACGAGGAGAT 


6414 


ATCTTCTTGACTTGATC 


6415 


rATPAAPTrAAPAAr'AT 

UA 1 UAAvj 1 OAAoAAoA 1 


6416 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Gly22Term 
GGA-TGA 


GTGGCCACCTCTGCTACGTCGTCATTCTTTCCTGTACCATCTTCTT 
CACTTGATCCTAATTGAAAAGGCAATAAGATTGGGTCTACGAATCT 
TGCTGGACTCAATTCTGCACCTAACTCTG 


6417 


f \ A /"^ A ATT A AATAA A A A "1 T* y\ A /""*^P /"%/"% A /~\ a a /"\ a " r" ' 1* f^. S~\*T* A /""S A y\ /—\ /~\ a a 

CAGAGTTAGGTGCAGAATTGAGTCCAGCAAGATTCGTAGACCCAA 
TCTTATTGCC 1 1 1 1 CAATTAGGATCMGTGAAGAAGATGGTACAGG 
AAAGAATGACGACGTAGCAGAGGTGGCCAC 


6418 


ATCCTAATTGAAAAGGC 


6419 


GCCIIIICAAIIAGGAI 


6420 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Ser8Term 
TCA-TGA 


GCI IGAA'I I rGTGATCTGATTGGTTAATTGTGGCCACAATGGTTGC 

TACTGCCGCCACGTGATCATTCTTTCCGTTGACTTCCCCTTCTGGG 

GATGCCAAATCGGGCAATCCCGGAAAAGG 


6421 


CCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAAGTC 
AACGGAAAGAATGATCACGTGGCGGCAGTAGCAACCATTGTGGCC 
ACAATTAACCAATCAGATCACAAATTCAAGC 


6422 


CGCCACGTGATCATTCT 


6423 


AGAATGATCACGTGGCG 


6424 



WO 01/92512 



PCT/US01/17672 



169- 



Phenotype, Gene, 
Plants Targeted 
Alteration 

I Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Ser9Term 
TCA-TGA 



Altering Oligos 

iiiiiiiiiiiliilliiiii 

TOAATTTGTGATCTGATTGGTTAATTGi GGCCACAATbb TOCTAC 
TGCCGCCACGTCATGATTCTTTCCGTTGACTTCCCCTTCTGGGGAT 

GCCAMTCGGGCMTCCCGGAAAAGGGTC 



GACCCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAA 
GTCAACGGAAAGAATCATGACGTGGCGGCAGTAGCMCCATTGTG 
nnnAnAATTAACCAATCAGATCACAAATTCA . 



NO; 
"6425 



CACGTCATGATTCTTTC 



GAAAGAATCATGACGTG' 



6426 



6427 



[Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Leu13Term 
TTG-TAG 



CTGATTGGTTAATTGTGGCCACAATGGTTGCTACTGCCGCCACGT 
CATCATTCTTTCCGTAGACTTCCCCTTCTGGGGATGCCAAATCGG 
GCAATCCCGGAAAAGGGTCGGTGAGTTTTGG 



CCAAAACTCACCGACCCI I 1 1 CUGGGATTGCCCGATTTGGCATCC 
CCAGAAGGGGAAGTCIACGGAAAGAATGATGACGTGGCGGCAGT 

AGCAACCATTGTGGCCACAATTAACCAATCAG 



CTTTCCGTAGACTTCCC 



I Reduced palmitate 
Acyl-ACP-thioesterase 
Garc/n/'a mangostana 
Lys21Term 
AAA-TAA 



GGGAAGTCIACG GAAAG _ 

ATGGTTGCTACTGCCGCCACGTCATCATTU I MUUbi rGACT .o^a, 
CTTCTGGGGATGCCIAATCGGGCAATCCCGGAAAAGGGTCGGTG 

AfiTTTTG GGTCAATGAAGTCGAAATCCGCGG 

CCGCGGATTTCGACTTCATTGACCCAAAACTCACCGAUCC'. 
GGGATTGCCCGATTAGGCATCCCCAGAAGGGGAAGTCAACGGAA 

AGAATGATGACGTGGCGGCAGTAGCAACCAT 



6428 
6429 



6430 



6431 



Reduced paimnaie 
Acyl-ACP-thioesterase 
\Gossypium hirsutum 
Ser8Term 
TCG-TAG 



CC 



6432 
1433 



GGGATGCCIAATCGGGC 



GCCCGATTAGGCATCCC 



GGGA 1 1 1 CAGCACGAAA 1 1 GAAb 1 1 b 1 1 1 1 1 AAAAAuuA I bb I RST 
TACTGCTGTGACATAGGCGTTTTTCCCAGTCACTTCTTCACCTGAC 

TCCTCTGACTCGAAAAACAAGAAGCTCGG 



6434 



6435 



CCGAGCTTCTTG 1 1 1 1 1 CGAGTCAGAGGAGTCAGGTGAAGAAGTG 
ACTGGGAAAAACGCCIATGTCACAGCAGTAGCAACCATGGTTTTTA 

AAAACAACTTCAATTTCGTGCTGAAATCCC 



TGTGACATAGGCGTTTT 



6436 
= M3T 



6438 



6439 



Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser16Term 
TCA-TGA 



AAAACGCCTATGTCACA _ ^ = ^_ 

TGTTTTTAAAAACCATGGTTGCTACTGCTGTGACATCUbUbl Mil 
CCCAGTCACTTCTTGACCTGACTCCTCTGACTCGAAAAACAAGAAG 

CTCGGAAGCATCAAGTCGAAGCCATCGGT 



ACCGATGGCTTCGACTTGATGCTTCCGAGCTTC1 Ibl I M iuuaGT 
CAGAGGAGTCAGGTCAA GAAGTG ACTGGGAAAAACGCCGATGTCA 

CAGCAGTAGCMCCATGGTT TTTAAAAACA 



6440 
"6441" 



6442 



WO 01/92512 



PCT/US01/17672 



-170- 



: Phenotype^Gene, 
\ Plant & Targeted 
Alteration 


Altering Oligos 


SEGMEi 
NO: 




■ 

CACTTCTTGACCTGACT 


6443 


AGTCAGGTCAAGAAGTG 


6444 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser22Term 
TCG-TAG 


1 1 GC I AC I GC I G I GACA I CGGCG 1 1 I I I CCCAG I CAC 1 1 C 1 1 CACC 
TGACTCCTCTGACTAGAAAAACAAGAAGCTCGGAAGCATCAAGTC 
GAAGCCATCGGTTTCTTCTGGAAGTTTGCA . 


6445 


TGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCCGA 
GCTTCTTG 1 1 1 1 ICTAGTCAGAGGAGTCAGGTGAAGAAGTGACTGG 
GAAAAACGCCGATGTCACAGCAGTAGCAA 


6446 


CTCTGACTAGAAAAACA 


6447 


IGIIIIICIAGICAGAG 


6448 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Lys23Term 
AAA-TAA 


GCTACTGCTGTGACATCGGCGTmTCCCAGTCACTTCTTCACCTG 

ACTCCTCTGACTCGTAAAACAAGAAGCTCGGAAGCATCAAGTCGA 

AGCCATCGGTTTCTTCTGGAAGTTTGCAAG 


6449 


CTTGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCC 

GAGCTTCTTGTTTTACGAGTCAGAGGAGTCAGGTGAAGAAGTGAC 

TGGGAAAAACGCCGATGTCACAGCAGTAGC 


6450 


CTGACTCGIAAAACAAG 


6451 


CI IGI 1 1 IACGAGICAG 


6452 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
SerHTerm 
TCG-TAG 


CTCCCGCTCGTTGAAAGACAATGGTGGCTACCGCTGCAAGCTCTG 
CATTCTTCCCCGTGTAGTCCCCGGTCACCTCCTCTAGACCAGGAA 
AGCCCGGAAATGGGTCATCGAGCTTCAGCCC 


6453 


GGGC 1 GAAGC 1 CGA 1 GACCCA 1 1 1 CCGGGC 1 1 1 CC 1 GG 1 C I AGAG 
GAGGTGACCGGGGACTACACGGGGAAGAATGCAGAGCTTGCAGC 
GGTAGCCACCATTGTCTTTCAACGAGCGGGAG 


6454 


CCCCGTGTAGTCCCCGG 


6455 


CCGGGGACTACACGGGG 


6456 : 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Arg21Term 
AGA-TGA 


ATGGTGGCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCC 
CCGGTCACCTCCTCTTGACCAGGAAAGCCCGGAAATGGGTCATCG 
AGCTTCAGCCCCATCAAGCCCAAAI 1 IGTCG 


6457 


CGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATGACCCATTTC 
CGGGCTTTCCTGGTCAAGAGGAGGTGACCGGGGACGACACGGG 
GAAGAATGCAGAGCTTGCAGCGGTAGCCACCAT 


6458 


CCTCCTCTTGACCAGGA 


6459 


TCCTGGTCAAGAGGAGG 


6460 



WO 01/92512 



-171 - 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 



Reduced palmitate 
Acyl-ACP-thioesterase 
\Cuphea hookeriana 
Gly23Term 
GGA-TGA 



GCTACCGCTGCMGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTC 
ACCTCCTCTAGACCAIGAAAGCCCGGAAATGGGTCATCGAGCTTC 
AGCCCCATCMGCCCAMmGTCGCCAATG 



iiip 



6461 



CATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGC I CGATGACC 
CATTTCCGGGCTTTCATGGTCTAGAGGAGGTGACCGGGGACGAC 
AnnnnnAAGAATGCAGAGCTTGCAGCGGTAGC 



CTAGACCATGAAAGCCC 



I Reduced palmitate 
Acyl-ACP-thioesterase 

\Cuphea hookeriana 
Lys24Term 
AAG-TAG 



GGGCTTTCATGGTCTAG _ 

ACCGCTGCAAGCTCTGCATTCTTCCCCG I ^TCGTCCCCGGTCACC 
TCCTCTAGACCAGGAIAGCCCGGAAATGGGTCATCGAGCTTCAGC 

r.rriATCAAGCCCAAATTTGTCGCCAATGGCG 



6462 



6463 



CGCCATTGGCGACAMTTTGGGCTTGATGGGGCTGMfiCTCGArG 
ACCCATTTCCGGGCTATCCTGGTCTAGAGGAGGTGACCGGGGAC 
ttAHAHfiGGGAAGAATGCAGAGCTTGCAGCGGT 



GACCAGGAIAGCCCGGA 



TCCGGGCTATCCTGGTC 



6464 
"6465" 



6466 



6467 



6468 



Reduced paimnate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Gly23Term 
GGA-TGA 



ACCTCCTCTAGGCCGTGAAAGCTCGGAAATGGGTCATCGAGCTTG 
AGCCCCCTCAAGCCCAAATTTGTCGCCAATG 



CATTGGCGACAAATTTGGGCTTGAGGGGGC I ^^™ k ™^C 
CATTTCCGAGCTTTCACGGCCTAGAGGAGGTGTCCGGGGACGGC 

AreftftflfiAAGAATGCAGAACTTGCAGCGGTGGC . 



CTAGGCCGIGAAAGCTC 



6470 



6471 



GAGCTTTCACGGCCTAG 



6472 



I Reduced palmitate 
Acyl-ACP-thioesterase 

\Cuphea lanceolata 
Lys24Term 
AAG-TAG 



ACCGCTGCAAGTTCTGCATTCTTCCCCC I GCCGTCCUUUGACACC 
TCCTCTAGGCCGGGAIAGCTCGGAAATGGGTCATCGAGCTTGAGC 

CCCCTCAAGCCCAAATTTGTCGCCAATGCCG 



CGGCATTGGCGACAMTTTGGGCTTGAGGGGGCIUAAGC^^ 
GACCCATTTCCGAGCTATCCCGGCCTAGAGGAGGTGTCCGGGGA 

r.nnnAnrnGGGAAGAATGCAGAACTTGCAGCGGT . 



GGCCGGGATAGCTCGGA 



6473 



6474 



6475 



TCCGAGCTATCCCGGCC 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Gly26Term 
GGA-TGA 



GCMGTTCTGCATT^^ 

AGGCCGGGAAAGCTCTGAAATGGGTCATCGAGCTTGAGCCCCCT 
CMGCCCAAATTTGTCGCCAATGCCGGGTTGA 



TCMCCCGGCATTGGCGACAMTTTGGGCTTGAGGGGGCTCMGC 
TCGATGACCCATTTCAGAGCTTTCCCGGCCTAGAGGAGGTGTCCG 

nRGACGGCAGGGGGAAGAATGCAGMCTTGC _ 



6476 



6477 



6478 



WO 01/92512 



-172- 



PCT/US01/17672 



; Phenotype, Gene, 
Plant & Targeted 




mwmm 


Altering Oligos 


NO; 


Alteration 








GAAAGCTCIGAAATGGG 


6479 




CCCATTTCAGAGCTTTC j 


6480 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 


CATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCTAGGCCGGGAA 
AGCTCGGAAATGGGTGATCGAGCTTGAGCCCCCTCAAGCCCAAAT 
TTGTCGCCAATGCCGGGTTGMGGTTAAGGC 


6481 


Ser29Term 
TCA-TGA 


GCCTTAACCTTCAACCCGGCATTGGCGACAAATTTGGGCTTGAGG 
GGGCTCAAGCTCGATCACCCATTTCCGAGC 1 1 1 CCCGGCCTAGAG 
GAGGTGTCCGGGGACGGCAGGGGGAAGAATG 


6482 




AAATGGGTGATCGAGCT 


6483 




AGCTCGATCACCCATTT 


6484 


Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 


CGI 1 1 AAG 1 GGATCGGACA 1 1 IMGIGI 1 1 1 AA 1 OA 1 GGTAGCTAT 
GAGTGCTACTGCGTAGCTGTTTCCGGTTTCTTCCCCAAAACCTCA 
CTCTGGAGCCAAGACATCTGATAAGCTTGG 


6485 


Ser9Term 
TCG-TAG 


CCAAGCTTATCAGATGTCTTGGCTCCAGAGTGAGGTTTTGGGGAA 
GAAACCGGAAACAGCTACGCAGTAGCACTCATAGCTACCATGATT 
AAAACACTTAAATGTCCGATCCACTTAAACG 


6486 




TACTGCGTAGCTGTTTC 


6487 I 




GAAACAGCIACGCAGTA 


6488 


rxcUUOcU pdllIlllcU.6 

Acyl-ACP-thioesterase 
Helianthus annuus 


ACTfcl 1 1 1 a ATPATftfyTAftPTATftACTfnPTAPTfiPfnTPfcf TftTI TP 

CGGTTTCTTCCCCATAACCTCACTCTGGAGCCAAGACATCTGATAA 
GCTTGGAGGTGAACCAGGTAGTGTTGCTG 


R48Q 


Lvs1 7Tprm 

LjfO 1 ( 1 Is 1 1 1 1 

AAA-TAA 


CAGCAACACTACCTGGTTCACCTCCAAGCTTATCAGATGTCTTGGC 

TCCAGAGTGAGGTTATGGGGAAGAAACCGGAAACAGCGACGCAG 

TAGCACTCATAGCTACCATGATTAAAACACT 


6490 




CTTCCCCATAACCTCAC 


6491 




RTRARRTTATRRRRAAR 


6492 


Reduced Dalmrtate 
Acyl-ACP-thioesterase 
Helianthus annuus 


ATGGTAGCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCC 
CAAAACCTCACTCTTGAGCCAAGACATCTGATAAGCTTGGAGGTGA 
ACCAGGTAGTGTTGCTGTGCGCGGAATCA 


6493 


Gly21Term 
GGA-TGA 


TGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAGCTTATC 
AGATGTCTTGGCTCAAGAGTGAGG 1 1 1 1 GGGGAAGAAACCGGAAA 
CAGCGACGCAGTAGCACTCATAGCTACCAT 


6494 




CTCACTCTTGAGCCAAG 


6495 




CTTGGCTCAAGAGTGAG 


6496 



PCT/US01/17672 

WO 01/92512 

-173- 



10 



15 



20 



25 



Phenqtype.Gene, 
Plant & Targeted 



Altering Oligos 



SEQID 

NO: 



Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys23Term 
AAG-TAG 



GCTATGAGTGCTACTGCGTCGCTGITTCCGGTTTC 1 1 UUUUAAAAo 
CTCACTCTGGAGCCIAGACATCTGATAAGCTTGGAGGTGAACCAG 

fiTAGTGTTG CTGTGCGCGGAATCAAGACAA 

TTGTCTTGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAG 
CTTATCAGATGTCTAGGCTCCAGAGTGAGGTTTTGGGGMGAAAC 
CGGAAACAGCGACGCAGTAGCACTCATAGC 



CTGGAGCCJAGACATCT 



Reduced paimitaie 
Acyl-ACP-thioesterase 
Cuphea palustris 
Lys21Term 
AAA-TAA 



AGATGTCTAGGCTCCAG 

ATGGTGGC I GCTGCAGCAAU fTC I GCA I GC I TCCC IGI ICCAILU 
CCAGGAGCCTCCCCTTAACCTGGGAAGTTAGGCAACTGGTCATCG 

AGTTTGAGCCCTTCCTTGAAGCCCAAGTCAA 



6498 



6499 



TTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATGACCAGTTGC 
CTAACTTCCCAGGTTAAGGGGAGGCTCCTGGGGATGGAACAGGG 
AAGCATGCAGAACTTGCTGCAGCAGCCACCAT _ 



CCTCCCCTIAACCTGGG 



I Reduced palmitate 
Acyl-ACP-thioesterase 
Cupfiea palustris 
Lys24Term 
AAG-TAG 



CCCAGGTTAAGGGGAGG ,__ 

GCTGCAGCMGTTCTGCATGCTTCCCTGTTCCATCCUUAUUAUUU 
TCCCCTAAACCTGGGTAGTTAGGCAACTGGTCATCGAGTTTGAGC 

CCTTCCTTGAAGCCCAAGTCAATCCCCAATG 



CATTGGGGATrGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATG 
ACCAGTTGCCTAACTACCCAGGTTTAGGGGAGGCTCCTGGGGATG 

GAACAGGGAAGCATGCAGAACTTGCTGCAGC 



AACCTGGGIAGTTAGGC 



Reduced palmitate 
Acyl-ACP-thioesterase 
\cuphea palustris 
Trp28Term 
TGG-TGA 



gcctaactacccaggtt 
'tgcatgcttccctgttccatccccaggagcctcccctaaacctgg 

GAAGTTAGGCAACTGATCATCGAGTTTGAGCCCTTCCTTGAAGCC 
CAAGTCAATCCCCAATGGCGGATTTCAGGTT 



MCCTGAMTCCGCCATTGGGGATTGACTTGGGCTTCMGGMGG 
GCTCAAACTCGATGAICAGTTGCCTAACTTCCCAGGTTTAGGGGA 
GGCTCCTGGGGATGGAACAGGGAAGCATGCA 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 
Ser29Term 
TCA-TGA 



GGCAACTGATCATCGAG 



6500 
B50T 



6502 



6503 



6504 



6505 



6506 



6507 



6508 



6509 



6510 



6511 



CTCGATGAJCAGTTGCC 

CATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGGGA 
AGTTAGGCAACTGGTGATCGAGTTTGAGCCCTTCCTTGAAGCCCA 

AGTCAATCCCCAATGGCGGATTTCAGGTTAA 



TTMCCTGAMTCCGCCATTGGGGATTGACTTGGGCTTCAAGGAA 
GGGCTCAAACTCGATCACCAGTTGCCTAACTTCCCAGGTTTAGGG 



6514 



WO 01/92512 



-174- 



PCT/US01/17672 



Ptienotype* Gene, 
: Plant & Targeted 




NO: 


Altering Oltgos 


Alteration 








CAACTGGTGATCGAGTT 


6515 




AACTCGATCACCAGTTG 


6516 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 


ATGGTGGCTGCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACC 
CCGGGAATCTCCCCTTAACCCGGGAAGTTCGGTAATGGTGGCTTT 
CAGGTTAAGGCAAACGCCAATGCCCATCCTA 


6517 


Lys21Term 
AAA-TAA 


TAGGATGGGCATTGGCGTTTGCCTTAACCTGAAAGCCACCATTAC 

CGAACTTCCCGGGTTAAGGGGAGATTCCCGGGGTTGGAACGGAG 

AAGAATGCAGAACTTGCTGCGGCAGCCACCAT 


6518 




TCTCCCCTTAACCCGGG 


6519 




CCCGGGTTAAGGGGAGA 


6520 


ixcUUUcU {JaiMlllaU? 

Acyl-ACP-thioesterase 
Cuphea hookeriana 


Rrr^r AfirAAftTTrTfirATTrTTnTnnfiTTnnAAnnncfiRRAATn 

vjUUVjbnVjUnnU I I u I vjwn I I ul iOl uwu I l uunnuuuuvjvjvjnn l w 

TCCCCTAAACCCGGGTAGTTCGGTAATGGTGGCTTTCAGGTTAAG 
GCAAACGCCAATGCCCATCCTAGTCTAAAGT 


6521 


Lvs24Term 
AAG-TAG 


ACTTTAGACTAGGATGGGCATTGGCGTTTGCCTTAACCTGAAAGCC 
ACCATTACCGAACTACCCGGGTTTAGGGGAGATTCCCGGGGTTGG 
AACGGAGAAGAATGCAGAACTTGCTGCGGC 


6522 




AACCCGGGTAGTTCGGT 


6523 




ACCGAACTACCCGGGTT 


6524 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 


TTCTCCGTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTC 
GGTAATGGTGGCTTTTAGGTTAAGGCAAACGCCAATGCCCATCCT 
AGTCTAAAGTCTGGCAGCCTCGAGACTGAAG 


6525 


Gln31Term 
CAG-TAG 


CTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGGCATTGG 
CGTTTGCCTTAACCTAAAAGCCACCATTACCGAACTTCCCGGGTTT 
AGGGGAGATTCCCGGGGTTGGAACGGAGAA 


6526 




GTGGCTTTTAGGTTAAG 


6527 




CTTAACCTAAAAGCCAC 


6528 


Reduced Dalmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 


GTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTCGGTAAT 
GGTGGCTTTCAGGTTTAGGCAAACGCCAATGCCCATCCTAGTCTA 
AAGTCTGGCAGCCTCGAGACTGAAGATGACA 


6529 


Lys33Term 
AAG-TAG 


IGICAICI ICAGIGI CGAGGC 1 GCCAGAC 1 1 1 AGAC 1 AGGA 1 GGG 

CATTGGCGTTTGCCTAAACCTGAAAGCCACCATTACCGAACTTCCC 

GGGTTTAGGGGAGATTCCCGGGGTTGGAAC 


6530 




TTCAGGTTTAGGCAAAC 


6531 




GTTTGCCTAAACCTGAA 


6532 



WO 01/92512 



-175- 



PCT/US01/17672 



10 



15 



20 



25 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 



SEW 
NO: 



Reduced paimitate 
Acyl-ACP-thioesterase 
wrassica rapa 
Gln21Term 
ICAA-TM 



ATGT l' GAAGC I C TCG1G I AAI gCgA( 
TCTCGCATTCTCATTAACCGGATCCGGCACACCGGAGAACCGTCT 

CCTCCGTGTCGTGCTCTCATCTGAGGAAAC 



GTTTCCTCAGATGAGAGCACGACACGGAGGAGACGGTTCTCCGGT 
GTGCCGGATCCGGTTAATGAGAATGCGAGAAGAGGGTCTGTMCT 
TATCAGTCGCATTACACGAGAGCTTCAACAT 



ATTCTCATTAACCGGAT 



6534 



ATCCGGTTAATGAGAAT 



6535 



6536 



I Reduced paimitate 
Acyl-ACP-thioesterase 

Wrassica rapa 
Arg28Term 
AGA-TGA 



GCGACTGATAAGTTACAGACCCTCTTCTCGCATTCTCATCAACCGG 
ATCCGGCACACCGGTGAACCGTCTCCTCCGTGTCGTGCTCTCATC 
TGAGGAAACCGGTTCTCGATCCTTTGCGAG 



CTCGCAAAGGATCGAGAACCGGTTTCCTCAGATGAGAGCACGACA 
CGGAGGAGACGGTTCACCGGTGTGCCGGATCCGGTTGATGAGAA 
TGCGAGMGAGGGTCTGTAACTTATCAGTCGC 



CACACCGGIGAACCGTC 



6537 



6538 



6539 



I Reduced paimitate 
Acyl-ACP-thioesterase 

Wrassica rapa 
Ser24Term 
TCG-TAG 



GACGGTTCACCGGTGTG ^„.^ rr __ 

CCCTCTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAUAA 
CCGTCTCCTCCGTGTAGTGCTCTCATCTGAGGAAACCGGTTCTCG 
ATCCTTTGCGAGCGATCGTATCTGCTGATCA 



TGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGGTTTC 
CTCAGATGAGAGCACTACACGGAGGAGACGGTTCTCCGGTGTGC 
CGGATCCGGTTGATGAGAATGCGAGAAGAGGG 



6540 
6541 



CTCCGTGTAGTGCTCTC 



GAGAGCACIACACGGAG 



6542 



6543 
6544 



Reduced paimitate 
Acyl-ACP-thioesterase 
wrassica rapa 
Cys25Term 
TGC-TGA 



CTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAACCGT 
CTCCTCCGTGTCGTGATCTCATCTGAGGAAACCGGTTCTCGATCC 
TTTGCGAGCGATCGTATCTGCTGATCAAGGA 



TCCTTGATCAGCAGATACGATCGCTCGCAAAGGATCGAGMCCGG 
TTTCCTCAGATGAGAICACGACACGGAGGAGACGGTTCTCCGGTG 
TGCCGGATCCGGTTGATGAGAATGCGAGAAG 



GTGTCGTGATCTCATCT 



Reduced paimitate 
Acyl-ACP-thioesterase 
Brass/ca napus 
Leu2Term 
TTG-TAG 




AGATGAGATCACGACAC 



6545 



6546 



6547 



ATTCTTC'I I , 

GCATCAAAAATGTAGAAGCTTTCGTGTAATGTGACTAACMCTTAC 
ACACCTTCTCCTTCTTCTCCGATTCCTC 



GAGGAATCGGAGAAGAAGGAGAAGGTGTG TAAGTTGTTA GTCACA 
TTACACGAAAGCTTCIACATTTTTGATGCCCI 1 1 1 1 1 1 1 1 IATGGTTC 
OTfiAfifiTTTTGGTTTATAGAAGAAGAAT ; 



6550 



WO 01/92512 



-176- 



PCT/US01/17672 



Pbenotype, Gene, 
Plant & Targeted 
. Alteration 














SEQ IB! 








v Altering Oligo; 


5 




NO: 

... 




AAAAA I G 1 AGAAGG 1 i 1 


6551 




AAAGCI ICJACAI till 


6552 


Reduced oalmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Lys3Term 
AAG-TAG 


TCTTCTTCTATAAAnCAAAAnCTCARRAAnrATAAAAAAAAAARfiG 

CATCAAAAATGTTGTAGCTTTCGTGTAATGTGACTAACAACTTACAC 

ACCTTCTCCTTCTTCTCCGATTCCTCCC 


6553 


CATTACACGAAAGCTACAACA 1 1 1 1 IGAIGCCCI 1 1 1 1 1 1 1 1 IATGG 
TTCCTGAGGTTTTGGTTTATAGAAGAAGA 


6554 


AAA lull G_LAGG 1 1 1 Lb 


6555 


CGAAAGCTACAACATTT 


6556 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Ser5Term 
TCG-TAG 


CTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAA 
AATGTTGAAGCTTTAGTGTAATGTGACTAACAACTTACACACCTTCT 
CCTTCTTCTCCGATTCCTCCCI 1 1 ICAT 


6557 


ATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTG 
TTAGTCACATTACACTAAAGCTTCAAC A 1 1 1 1 IGAIGCCCI 1 1 1 1 1 II 
TTATGGTTCCTGAGGI 1 1 1 GGTTTATAG 


6558 


bMMoU i 1 I Mb I o 1 MM 1 o 


6559 


CATTACACTAAAGCTTC 


6560 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Cys6Term 
TGT-TGA 


AMCCAAMCCTCAGGMCCATAAAAAAAAAAGGGCATCAAAAATG 
TTGAAGCTTTCGTGAAATGTGACTAACAACTTACACACCTTCTCCTT 
CTTCTCCGATTCCTCCCI 1 1 ICATCCCG 


6561 


CGGGATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTA 
AGTTGTTAGTCACATTTCACG AAAGCTTCAACA 1 1 1 1 1 GATGCCCTT 
1 1 1 1 1 1 1 IAIGGI ICCIGAGGI 1 1 IGGTTT 


6562 


CTTTCGTGAAATGTGAC 


6563 


GTCACATTTCACGAAAG 


6564 



WO 01/92512 



- 177- 



PCT/US01/17672 



Table 23 

Oligonucleotides to produce plants with increased stearate 



Phenotype, Gene, 
Plants Targeted 
Alteration 



Altering Oligos 



SEQID 
NO: 



Increased stearate 
stearoyl-ACP 
desaturase 
\Arabidopsis thaliana 
Lys4Term 
AAG-TAG 



GGGAGAGCTCTAGCTCTGTAGAAAAGAAGGATTCATTCATCATATC 
CAGAAATGGCTCTAIAGTTTAACCCTTTGGTGGCATCTCAGCCTTA 

rtA& ATTr.P.mTnCTCGACTCGTCCGCCAA . 

TTGGCGGACGAGTCGAGGAAGGGAATTTGTAAGGCTGAGATGCCA 
CCAAAGGGTTAAACTATAGAGCCATTTCTGGATATGATGAATGAAT 
CCTTCTTTTCTACAGAGCTAGAGCTCTCCC 



6565 



TGGCTCTAIAGTTTAAC 



GTTAAACTATAGAGCCA 



6566 



6567 



6568 



[Increased stearate 
stearoyl-ACP 
desaturase 
\Arabidopsis thaliana 
Leu8Term 
TTG-TAG 



CTCTGTAGAAAAGAAGGATTCATTCATCATATCCAGAAATGGCTCT 
AMGTTTAACCCTTAGGTGGCATCTCAGCCTTACAAATTCCCTTCC 

TOGACTCGTCCGCCAACTCCTTCTTTCAG 



CTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAAGGGAATTTGTAA 
GGCTGAGATGCCACCIAAGGGTTAAACTTTAGAGCCATTTCTGGAT 
ATGATGAATGAATCCTTCTTTTCTACAGAG 



TAACCCTTAGGTGGCAT 



ATGCCACCIAAGGGTTA 



6569 



6570 



6571 



6572 



Increased stearate 
stearoyl-ACP 
desaturase 
\Arabidopsis thaliana 
Gln12Term 
CAG-TAG 



AGAAGGATTCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACC 
CTTTGGTGGCATCTTAGCCTTACAAATTCCCTTCCTCGACTCGTCC 

^mAArTnCTTCTTTCAGATCTCCCAAGT 



ACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAA 
GGGMTTTGTMGGCTAAGATGCCACCAAAGGGTTAAACTTTAGAG 

nCATTTCTGGATATGATGAATGAATCCTTCT 



TGGCATCTJAGCCTTAC 



GTAAGGCTAAGATGCCA 



6573 



6574 



6575 



6576 



[Increased stearate 

stearoyl-ACP 

desaturase 
\Arabidopsis thaliana 

Phe14Term 

TAC-TAG 



TCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACUUI I iGGTG 
GCATCTCAGCCTTAGAAATTCCCTTCCTCGACTCGTCCGCCAACTC 

mTnTTTCAGATCTCCCAAGTTCCTCTGC 



6577 



GCAGAGGAACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAG 
TCGAGGMGGGMTTTCTAAGGCTGAGATGCCACCAAAGGGTTM 
AnTTTAGAGCCATTTCTGGATATGATGAATGA . 



6578 



CAGCCTTAGAAATTCCC 



6579 



GGGAATTTCTAAGGCTG 



6580 



WO 01/92512 



PCT/US01/17672 



- 178- 



Phenotype, Gene, ; 
Plant & Targeted 
Alteration 



ills 



l^r^jlhg Oligos 



SEQID 

NO: 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Leu3Term 

TTG-TAG 



GAGAGCTCGC I CGTGTCTGAAAGAACATGAAACC TUGTATCAAAAA 
AAAGAAAATGGCATAGAAGCTTAACCCTTTGGCATCTCAGCCTTAC 
AAACTCCCTTCCTCGGCTCGTCCGCCAAT 



ATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGATGC 
CAAAGGGTTAAGCTTCTATGCCAT 



rcrm 

TGATGTTCTTTCAGACACGAGCGAGCTCTC 



rGATACGAGGTT 



AATGGCATAGAAGCTTA 



TAAGCTTCTATGCCATT 



"658T 



6582 



6583 



6584 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Lys4Term 

AAG-TAG 



GAGCTCGCTCGTGTCTGAAAGAACATCAAACCTCGTATCAAAAAAA 
AGAAAATGGCATTGIAGCTTAACCCTTTGGCATCTCAGCCTTACAA 
ACTCCCTTCCTCGGCTCGTCCGCCAATCT 



6585 



AGATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGAT 
GCCAAAGGGTTAAGCTACAATGCCATTTTC 1 1 1 1 1 1 1 IGATACGAG 
GTTTGATGTTCTTTCAGACACGAGCGAGCTC 



6586 



TGGCATTGTAGCTTAAC 



6587 



GTTAAGCTACAATGCCA 



6588 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Leu8Term 

TTG-TAG 



TCTGAAAGAACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATT 

GAAGCTTAACCCTTAGGCATCTCAGCCTTACAAACTCCCTTCCTCG 

GCTCGTCCGCCAATCTCTACTCTCAGATC 



6589 



GATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAAGGGAG 
GTAAGGCTGAGATGCCIAAGGGTTAAGCTTCAATGCCATTTTC 
TTTTTGATACGAGGTTTGATGTTCTTTCAGA 



6590 



TAACCCTTAGGCATCTC 



6591 



GAGATGCCTAAGGGTTA 



6592 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Gln11Term 

CAG-TAG 



AACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATTGAAGCTTM 
CCCTTTGGCATCTIAGCCTTACAAACTCCCTTCCTCGGCTCGTCCG 
CCAATCTCTACTCTCAGATCTCCCAAGT 



6593 



ACTTGGGAGATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAA 
GGGAGTTTGTAAGGCTAAGATGCCAAAGGGTTAAGCTTCAATGCC 
ATTTTCI 1 1 1 1 1 1 1 GATACGAGGTTTGATGTT 



6594 



TGGCATCTTAGCCTTAC 



6595 



GTAAGGCTAAGATGCCA 



6596 



Increased stearate 
stearoyl-ACP 
desaturase 
Ricinus communis 
Gln27Term 
CAA-TAA 



AACCAAAAGAAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCA 
ATCCTTTCCTTTCTTAMCCCAAMGTTACCTTCTTTCGCTCTTCCA 
CCAATGGCCAGTACCAGATCTCCTAAGT 



W 



ACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGAAAGAAG 
GT MCTTTrG GGTTTAAGAAAGGAAAGGATTGAGCTTGAGAGCCAT 
TGI 1 1 1 I I 1 1 CTTACCTTTTTCTTTTGGTT ■ 



6598 



WO 01/92512 



-179- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 

tcctttcttaaacccaa" 



TTGGGTTTAAGAAAGGA 



SEQID 
NO: 

lllll 

6599 



6600 



[Increased stearate 

stearoyl-ACP 

desaturase 
\Ricinus communis 

Gln29Term 

CAA-TAA 



AAGAAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTT 
TCCTTTCTCAMCCIAAAAGTTACCTTCTTTCGCTCTTCCACCAATG 
nnnAGTACCAGATCTCCTAAGTTCTACA 



6601 



TGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGA 
MGMGGTMCTTTTAGGTTT GAGAA AGGAAAGGATTGAGCTTGAG 
Af^nnATTGTTTTTTTTCTTACCTTTTTCTT 



6602 



CTCAAACCTAAAAGTTA 



TAACTTTTAGGTTTGAG 



Increased stearate 
stearoyl-ACP 
desaturase 
\Ricinus communis 
Lys30Term 
AAG-TAG 



AAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTTTCC 
TTTCTCAAACCCAAIAGTTACCTTCTTTCGCTCTTCCACCAATGGC 
CAGTACCAGATCTCCJAAGJTCTACATGG 



CCATGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAG 
CGAMGMGGTMCTATTGGGTTTG AGAAA GGAAAGGATTGAGCT 
TGAGAGCCATTGTTTTTTTTCTTACCTTTTT 



AAACCCAAIAGTTACCT 



AGGTAACTATTGGGTTT 



6603 



6604 



6605 



6606 



6607 
"6608" 



Increased stearate 
stearoyl-ACP 
desaturase 
\Ricinus communis 
Lys46Term 
AAG-TAG 



TCTCAMCCCAAMGTTACCTTCTTTCGCTCTTCCACCAATGGCCA 
GTACCAGATCTCCTTAGTTCTACATGGCCTCTACCCTCMGTCTGG 
TTCTAAGGAAGTTGAGAATCTCAAGAAGC 



GCTTCTTGAGATTCTCAACTTCCTTAGAACCAGACTTGAGGGTAGA 
GGCCATGTAGAACTAAGGAGATCTGGTACTGGCCATTGGTGGAAG 
AGCGAMGMGGTAACTTJTGGGJT]^AGA 



GATCTCCTIAGTTCTAC 



GTAGAACTAAGGAGATC 



6609 



6610 



6611 



6612 
= 6W 



(Increased stearate 
stearoyl-ACP 
desaturase 
\Glycine max 
Gln11Term 
CAA-TAA 



TCTTCTGAI ICATTTAAICI 1 1 AC TCATCAA I GGC I C I GAbAC I GAA 
CCCTATCCCCACCIAAACCTTCTCCCTCCCCCAAATGGCCAGTCT 

CAGATCTCCCAGGTTCCGCATGGCCTCTA 



TAGAGGCCATGCGGAACCTGGGAGATCTGAGACTGGCCATTTGG 
GGGAGGGAGAAGGTTTAGGTGGGGATAGGGTTCAGTCTCAGAGC 
CATTGATGAGTAMGATTAAATGAATCAGAAGA : 



TCCCCACCIAAACCTTC 



GAAGGTTTAGGTGGGGA 



6614 



6615 



6616 



WO 01/92512 



-180- 



PCT/US01/17672 



: Pfieootype, Gem, 
Plant & Targeted 


• 


" 

Altering Oligos 




SEQ ID 

NO: 


Alteration 

increascu sicdraxe 

stearoyl-ACP 

desaturase 

Glycine max 

Gln17Term 

CAA-TAA 


CTTTACTCATCAATGGCTCTGAGACTGAACCCTATCCCCACCCAAA 

CCTTCTCCCTCCCCTAMTGGCCAGTCTCAGATCTCCCAGGTTCC 

GCATGGCCTCTACCCTCCGCTCCGGTTCCA 


RR17 

DO 1 / 


TGGAACCGGAGCGGAGGGTAGAGGCCATGCGGAACCTGGGAGAT 
CTGAGACTGGCCATTTAGGGGAGGGAGAAGG 1 1 1 GGGTGGGGAT 
AGGGTTCAGTCTCAGAGCCATTGATGAGTAAAG 


6618 


CCCTCCCCIAAATGGCC 


6619 


GGCCATTTAGGGGAGGG 


6620 


Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

Arg22Term 

AGA-TGA 


GCTCTGAGACTGAACCCTATCCCCACCCAAACCTTCTCCCTCCCC 

PAAAT^r^PPAriTPTPT^ATPTPPPA^fyrTPP^PATf^fSPPTPTAPP 

CTCCGCTCCGGTTCCAAAGAGGTTGAAAATA 


6621 


TATTTTCAACCTCTTTGGAACCGGAGCGGAGGGTAGAGGCCATGC 

bbAAUU 1 bbbAbA 1 UAbAoALr 1 bbLUA 1 1 1 bbbbbAbbbAbAAb 

GTTTGGGTGGGGATAGGGTTCAGTCTCAGAGC 


6622 


CCAGTCTCIGATCTCCC 


6623 


GGGAGATCAGAGACTGG 


6624 


Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

Lys37Term 

AAA-TAA 


CAAATGGCCAGTCTCAGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGTTCCTAAGAGGTTGAAAATATTAAGAAGCCATTCA 
CTCCTCCCAGAGAAGTGCATGTTCAAGTAA 


6625 


TTACTTGAACATGCACTTCTCTGGGAGGAGTGAATGGCTTCTTAAT 
Al 1 1 ICAACCTCTTAGGAACCGGAGCGGAGGGTAGAGGCCATGCG 
GAACCTGGGAGATGTGAGACTGGCCATTTG 


6626 


CCGGTTCCTAAGAGGTT 


6627 


AACCTCTTAGGAACCGG 


6628 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Gln11Term 

CAA-TAA 


CAACAAGCACACACAAGAACAACATCMCAATGGCGATTCGCATCA 

AT A PPPPP A PPTTTTA ATP A ^ A PPTPT A PPfTTTP ATTPPPP 1 1 1 PP 
A 1 AbbbUbAbo MM AA 1 OAoAOU 1 o 1 AOLrO 1 1 OA 1 1 bbbb I 1 1 OL/ 

TCAACCGAAACCTCTCAGATCTCCCAAAT 


6629 


ATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAATGAAC 

f2f5TAPArtf5TPTrtATTAAAAPfTTPf5PPfn'ATTf5ATf5r i fiAATPRr'PA 

TTGTTGATGTTGTTCTTGTGTGTGCTTGTTG 


6630 


CGACGTTTTAATCAGAC 


6631 


GTCTGATTAAAACGTCG 


6632 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Ser12Term 

TCA-TGA 


AAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCAATAC 
GGCGACGTTTCAATGAGACCTGTACCGTTCATTCGCGTTTCCTCAA 
CCGAAACCTCTCAGATCTCCCAMTTCGC 


6633 j 


GCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAAT 
GAACGGTACAGGTCTCATTGAAACGTCGCCGTATTGATGCGAATC 
GCCATTGTTGATGTTGTTCTTGTGTGTGCTT 


6634 



WO 01/92512 



PCT/US01/17672 



181- 



jPhenotype, Gene, 
Plant& Targeted 
Alt eration 



I Increased stearate 

stearoyl-ACP 

desaturase 
\Helianthus annuus 

Tyr15Term 

TAC-TAG 



I Increased stearate 
stearoyl-ACP 
desaturase 
\Helianthus annuus 
Ser17Term 
TCA-TGA 



Altering Oligos 



mm 



GTTTCAATGAGACCTGT 



lllllllllll 


% S£<3§§ 










6635 



ACAGGTCTCATTGAAAC 

MGMCMCATCMCMTGGCGATTCGCATCMTACGGCGACGTTT 
CAATCAGACCTGTAGCGTTCATTCGCGTTTCCTCMCCGAAACCTC 

TnAGATCTCCCAAATTCGCCATGGCTTCC 



GGMGCCATGGCGMTTTGGGAGATCTGAGAGGTTTCGGTTGAGG 
AAACGCGAATGAACGCTACAGGTCTGATTGAAACGTCGCCGTATT 
nATGr.GAATCGCCATTGTTGATGTTGTTCTT 



GACCTGTAGCGTTCATT 



6636 
6637 



6638 



AATGAACGCTACAGGTC 



6639 
6640 



CAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTTCAATC 
AGACCTGTACCGTTGATTCGCGTTTCCTCAACCGAAACCTCTCAGA 

TnTr.nnAAATTCGCCATGGCTTCCACCAT 



ATGGTGGAAGCCATGGCGAATTTGGGAGATCTGAGAGGTTTCGGT 
TGAGGAAACGCGAATCAACGGTACAGGTCTGATTGAAACGTCGCC 

PiTATTGATGCGAATCGCCATTGTTGATGTTG 



GTACCGTTGATTCGCGT 



Increased stearate 
stearoyl-ACP 
desaturase 
\Helianthus annuus 
Arg4Term 
CGA-TGA 



I Increased stearate 
stearoyl-ACP 
desaturase 
Welianthus annuus 
Gln11Term 
ICAA-TAA 



ACGCGAATCAACGGTAC 

ACACACAAC ACACAC I CAA I cAcAc Au AL, 

AACGATGGCGCTTTGAATGAGTCCGGTGACGCTTCAACGGGAGAT 

ATATOCTTCATACACTTTTCATCAATCGA 



6641 



6642 



6643 
6644 



TCGATTGATGAAAAGTGTATGAAGGATATATCTCCCGT I GAAGCGT 
CACCGGACTCATTCAAAGCGCCATCGTTGATGAAGAAGATGATGA 

TnTfiTGTGTGATTGAGTGTGTGTTGTGTGT 



TGGCGCTTTGMTGAGT 



ACTCATTCAAAGCGCCA 



6646 



6647 
6648 



ACACACACATCATCATCTTCTTCATCMCGATGGCGCTIUGMTGA 
GTCCGGTGACGCTTTAACGGGAGATATATCCTTCATACACTTTTCA 

TCMTCGAAAAATCTCAGATCTCCTAAAT_ 



ATTTAGGAGATCTGAGA 1 1 1 1 1 CGATTGATGAAAAGTGTATGAAGG 
ATATATCTCCCGTTAAAGCGTCACCGGACTCATTCGAAGCGCCAT 

nfiTTGATGAAGAAGATGATGATGTGTGTGT 



TGACGCTTIAACGGGAG 



CTCCCGTTAAAGCGTCA 



6649 



6650 



6651 



6652 



WO 01/92512 



-182- 



PCT/US01/17672 



Phenotype, Gem t 
Plant & Targeted 
AJiirajffon 


• - 

Altering Oligos 


NO: 


Increased stearate 

stearoyl-ACP 

desaturase 


ACATCATCATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGG 
TGACGCTTCAACGGTAGATATATCCTTCATACACI 1 1 1 CATCAATCG 
AAAAATCTCAGATCTCCTAAATTCGCGA 


6653 


Helianthus annuus 

GIul3Term 

GAG-TAG 


ICGCGAAI 1 1 AGGAGA 1 C 1 GAGA 1 1 1 1 ICGAI IGAIGAAAAGIGIA 
TGAAGGATATATCTACCGTTGAAGCGTCACCGGACTCATTCGAAG 
CGCCATCGTTGATGAAGAAGATGATGATGT 


6654 




TTCAACGGTAGATATAT 


6655 




ATATATCTACCGTTGAA 


6656 


Increased stearate 

stearoyl-ACP 

desaturase 


ATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGGTGACGCTT 
CAACGGGAGATATAGCCTTCATACAC 1 1 1 1 CATCAATCGAAAAATCT 
CAGATCTCCTAAATTCGCGATGGCTTCC 


6657 


HQlianthus annuus 

1 f wff w4j III (Uw VII II lUUw 

Tyr15Term 
TAT-TAG 


GGAAC'^rPA 1 Cf-Sr.KAA 1 1 1 AC^Af-iAICK-iAf-iAl 1 1 1 KT5AI K-iAK-iA 

AAAGTGTATGAAGGCTATATCTCCCGTTGAAGCGTCACCGGACTC 

ATTCGAAGCGCCATCGTTGATGAAGAAGAT 


UUv/U 




RAfiATATAGPPTTrATA 


RR5Q 




TATfiAARfiPTATATfTP 




Increased stearate 

stearoyl-ACP 

desaturase 


AACTCAGCCAGCTTGCCCCCAAACAACAGCGCAGAAAAACCTTCA 

ACAACAATGGCTCTCTAGCTCAACCCAGTCACCACCTTCCCTTCAA 

CACGCTCCCTCAACAACTTCTCCTCCAGAT 


6661 


L/num usitatissimum 

Lys4Term 

AAG-TAG 


ATCTGGAGGAGAAGTTGTTGAGGGAGCGTGTTGAAGGGAAGGTG 
GTGACTGGGTTGAGCTAGAGAGCCATTGTTGTTGAAGGI 1 1 1 ICTG 
CGCTGTTGTTTGGGGGCAAGCTGGCTGAGTT 


6662 




TGGCTCTCTAGCTCAAC 


6663 




GTTGAGCTAGAGAGCCA 


6664 


Inrrooeorl efoorofo 
tllUlfcJdbcU blcdldlc 

stearoyl-ACP 
desaturase 


^P^r > Af2AAAAAPr'TTPAAPAAPAATf5f5PTPTPAAfir'TPAAPPr'Af2 

TCACCACCTTCCCTTGAACACGCTCCCTCAACAACTTCTCCTCCAG 
ATCTCCTCGCACCTTTCTCATGGCTGCTTC 


0000 


Linum usftaffcsimum 

^ii mm uoituu«joi(/iu/(i 

Ser13Term 
TCA-TGA 


fiAAfiPAftPPATttAfiAAAfifiTfiPftAfiPiAftATPTfifiAnfiAfiAAfiTT 
GTTGAGGGAGCGTGTTCAAGGGAAGGTGGTGACTGGGTTGAGCT 
TGAGAGCCATTGTTGTTGAAGGTTTTTCTGCGC 


8RRR 
uuuu 




CTTCCCTTGAACACGCT 


6667 




AGCGTGTTCAAGGGAAG 


6668 


Increased stearate 

stearoyl-ACP 

desaturase 


CTCAAGCTCAACCCAGTCACCACCTTCCCTTCAACACGCTCCCTC 
MCAACTTCTCCTCCTGATCTCCTCGCACCTTTCTCATGGCTGCTT 
CCACTTTCAATTCCACCTCCACCAAGTAAG 


6669 


L/nu/77 usitatissimum 

Arg23Term 

AGA-TGA 


CTTACTTGGTGGAGGTGGAATTGAAAGTGGMGCAGCCATGAGAA 
AGGTGCGAGGAGATCAGGAGGAGAAGTTGTTGAGGGAGCGTGTT 
GAAGGGAAGGTGGTGACTGGGTTGAGCTTGAG 


6670 



WO 01/92512 



-183- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



111 



Altering Oligos 



SEQID 
NO: 



TCTCCTCCIGATCTCCT 



[Increased stearate 
stearoyl-ACP 
desaturase 
\Linum usitatissimum 
Lys41Term 
AAG-TAG 



AGGAGATCAGGAGGAGA 

TCCTCCAGATCTCCTCGCACCTTTCTCATGGCTGCTICCACTTTCA 
ATTCCACCTCCACCIAGTAAGCATCTCCTCCTCCTCGGAATCTCCG 
nnflATTTCTTTTAAGCGATTGATCGTAGA 



TCTACGATCAATCGCTTAAAAGAAATCGGCGGAGATTCCGAGGAG 
GAGGAGATGCTTACTAGGTGGAGGTGGAATTGAAAGTGGAAGCAG 
CCATGAGAAAGGTGCGAGGAGATCTGGAGGA 



6671 



6672 
6673 



j Increased stearate 

stearoyl-ACP 

desaturase 
p/ea europaea 

Arg21Term 

AGA-TGA 



I Increased stearate 

stearoyl-ACP 

desaturase 
p/ea europaea 

Ser29Term 

TCA-TGA 



I Increased stearate 
stearoyl-ACP 
desaturase 
p/ea europaea 
Glu37Term 
GAG-TAG 



CCTCCACCIAGTAAGCA 



TGCTTACTAGGTGGAGG 



ATGGCAC I GAAAC 1 1 1 GC I 



CCGATGCTCGTATCIGATCTCACAGGGTTT 
TCATTCTCCTTCTATGGAGGTCGGAAAAG 



r CCACCCCACA AGAIGCCI lUCl ILL 
CATGGCTTCAACTAT 



CTnTCCGACCTCCATAGAAGGAGAATGAATAGTTGAAGCCATGAA 
AACCCTGTGAGATCAGATACGAGCATCGGGGAAGGAAGGCATCTT 
fiTGGGGTGGAAAGCAAAGTTTCAGTGCCAT . 



6674 



6675 



6676 
= B67T 



6678 



CTCGTATCIGATCTCAC 



GTGAGATCAGATACGAG 

CCCACAAGATGCCTTCCTTCCCCGATGCTCGTATCAGATCTCACA 
GGGTTTTCATGGCTTGAACTATTCATTCTCCTTCTATGGAGGTCGG 
AAAAGTTAAAAAGCCTTTCACGCCTCCACG 



6679 



CGTGGAGGCGTGAAAGGC 1 1 1 TTAACTTTTCCGACCTCCATAGAAG 
GAGAATGMTAGTTCAAGCCATGAAAACCCTGTGAGATCTGATACG 

AGCATCGGGGAAGGAAGGCATCTTGTGGG 



CATGGCTTGAACTATTC 



GAATAGTTCAAGCCATG 

GATGCTCGTATCAGATCTCACAGGGTTTTCATGGCTTCAACTATTC 
ATTCTCCTTCTATGTAGGTCGGAAAAGTTAAAAAGCCTTTCACGCC 
TCCACGAGAGGTACATGTTCAAGTAACCC 



6680 
"668T 



6682 



6683 



6684 
6685 



GGGTTACTTGMCATGTACCTCTCGTGGAGGCGTGAAAGGCTTTTT 
AACTTTTCCGACCTACATAGAAGGAGAATGAATAGTTGAAGCCATG 
AAAACCCTGTGAGATCTGATACGAGCATC . 



6686 



CTTCTATGTAGGTCGGA 



6687 



TCCGACCTACATAGAAG 



6688 



WO 01/92512 



-184- 



PCT/US01/17672 



; Pheootype, Gene ? : 
: Plant & Targeted : 

MIwF:aUW%:v:;:v;:::;: : :::-:: 




NO: 


Altering Oligos 






Increased stearate 

stearoyl-ACP 

desaturase 


CGIAICAGAICICACAGGGI 1 1 ICAIGGCI ICAACIAI ICAI ICIC 

CTTCTATGGAGGTCTGAAAAGTTAAAAAGCCTTTCACGCCTCCACG 

AGAGGTACATGTTCAAGTAACCCATTCCT 


6689 


O/ea eurooaea 

GIy39Term 

GGA-TGA 


AGGAATGGGTTACTTGMCATGTACCTCTCGTGGAGGCGTGAAAG 
GCTTTTTAACTn 1 CAGACCTCCATAGAAGGAGAATGAATAG7TGA 
AGCCATGAAAACCCTGTGAGATCTGATACG ! 


6690 




TGGAGGTCTGAAAAGTT 


6691 




AACTTTTCAGACCTCCA 


6692 


Increased stearate 

stearoyl-ACP 

desaturase 


1 ICICGI 1 1 1 IGlCGICCCCTCrGCTCIGTCTCTCTATCAGGCACG 
GAGAAATGGCACTGTAACTCAGTCCAGTCATGTTTCAATCTCAGAA 
GCTTCCATTTCTTGCCTCCTATCCGCCTT 


6693 


Persea americana 

Lys4Term 

AAA-TAA 


AAGGCGGATAGGAGGCAAGAAATGGAAGCTTCTGAGATTGAAACA 
TGACTGGAGTGAGTTACAGTGCCATTTCTCCGTGCCTGATAGAGA 
GAGAGAGCAGAGGGGACGACAAAAACGAGAA 


6694 




TGGCACTGTAACTCAGT 


6695 




ACTGAGTTACAGTGCCA 


6696 


increased siearaie 

stearoyl-ACP 

desaturase 


r'TriPTPTPTPTr'TPT ATP A fTSflP A Pf2f2 A f2 A A ltczcic a ptys a a aptp 

AGTCCAGTCATGTTTTAATCTCAGAAGCTTCCATTTCTTGCCTCCTA 
TCCGCCTTCCAATCTCAGATCTCCGAGGG 


fifiQ7 

003/ 


G!n11Term 
CAA-TAA 


rrrTrRf^AnATrTRARATTRGAAGGnGGATAGGAGGCAAGAAAT 

GGAAGCTTCTGAGATTAAAACATGACTGGACTGAGTTTCAGTGCCA 

TTTCTCCGTGCCTGATAGAGAGAGAGAGCAG 


6698 




TPATG'I 1 ITAATPTPAfi 


6699 




PTGAftATTAAAAPATftA 


6700 


Increased stearate 

stearoyl-ACP 

desaturase 


TCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCA 
GTCATGTTTCMTCTTAGAAGCTTCCATTTCTTGCCTCCTATCCGC 
CTTC'CAATCTCAGATCTCCGAGGGTTTTCA 


6701 


Persea americana 

Gln13Term 

CAG-TAG 


TGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAA 
GAAATGGAAGCTTCTAAGATTGAAACATGACTGGACTGAGTTTCAG 
TGCCATTTCTCCGTGCCTGATAGAGAGAGA 


6702 




TTCAATCTTAGAAGCTT 


6703 




AAGCTTCTAAGATTGAA 


6704 


Increased stearate 

stearoyl-ACP 

desaturase 


CTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCAGTC 
ATGTTTCAATCTCAGTAGCTTCCATTTCTTGCCTCCTATCCGCCTTC 
CAATCTCAGATCTCCGAGGGI 1 1 ICATGG 


6705 


Persea americana 

Lys14Term 

AAG-TAQ 


CCATGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGG 
CAAGAAATGGAAGCTACTGAGATTGAAACATGACTGGACTGAGTTT 
CAGTGCCATTTCTCCGTGCCTGATAGAGAG 


6706 



WO 01/92512 



PCT/US01/17672 



185- 



Phenotype, Gene, 
Plant & Targeted 



Altering Oligos 



NO: 



AATCTCAGIAGCTTCCA 



Increased stearaie 

stearoyl-ACP 

desaturase 

Oryzasaf/Va 

Tyr12Term 

TAC-TAG 



TGGAAGCTACTGAGATT 

CCCCGAGA I (J I CGC I GCCGC I bC l UA I (iuuu 1 1 



ACACCGCATCGCCGTAGTCCTGCGGCGGCGTGGCGCAGAGGAG 
n a rcr a ATflftfi ATGTCGMG ATGGTGGCCATGGCC 



6707 
6708 



GGCCATGGCCACCATCTTCGACATCCCATTGCTCCTUCTCTGCGC 
CACGCCGCCGCAGGACTACGGCGATGCGGTGTGGGACGCCGCG 
AAnnnnATGAGCAGCGGCAGCGAGATCTCGGGG 



TCGCCGTAGTCCTGCGG 



Mncreased stearate 
stearoyl-ACP 
desaturase 
lOryzasativa 
Gln19Term 
CAG-TAG 



I Increased stearate 
stearoyl-ACP 
desaturase 
Ofyzasaf/Va 
Ser26Term 
TCG-TAG 



CCGCAGGACTACGGCGA 

CTGCTCATGGCGTTCGCGGCGTCCCACACCG^ATCUUU^rACTC 



6710 



6711 




CTGCGGCGGCGTGGCGIAGAGGAGGAGCAATGGGATGTCGAAGA 
TnnTnnnCATGGCCTCCACCATCAACAGGGTCA 



TGACCCTGTTGATGGTGGAGGCCAIGGCCACCATCTICGACATCC 
CATTGCTCCTCCTCTACGCCACGCCGCCGCAGGAGTACGGCGAT 
rcrftfyTfiTP.GGACGCCGCGAACGCCATGAGCAG 



GCGTGGCGIAGAGGAGG 



CCTCC TCTACGCCACGC 

CCCACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAG 
GAGGAGCAATGGGATGTAGAAGATGGTGGCCATGGCCTCCACCA 
Tr-AACAGGGTCAAGACTGCTAAGAAGCCCTACAC 



6714 



6715 



GTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGUAGGCC 
ATGGCCACCATCTTCIACATCCCATTGCTCCTCCTCTGCGCCACG 
nmnCRCAGGAGTACGGCGATGCGGTGTGGG 



TGGGATGTAGAAGATGG 



CCATCTTCIACATCCCA 



Increased stearate 
stearoyl-ACP 
desaturase 
\oryzasativa 
Lys27Term 
AAG-TAG 



CACACCGCATCGCCGTACTCC I GCGGCGGCGTGGUtiUAUAUbAG 
GAGCMTGGGATGTCGIAGATGGTGGCCATGGCCTCCACCATCAA 

HAfifiGTCAAGACTGCTAAGAAGCCCTACACTC 



GAGTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGIGGAGG 
CCATGGCCACCATCTACGACATCCCATTGCTCCTCCTCTGCGCCA 

mr.nfiCCGCAGGAGTACGGCGATGCGGTGTG 



GGATGTCGIAGATGGTG 



CACCATCTACGACATCC 



6716 
6717 



6718 



6719 



6720 



6721 



6722 



6723 



6724 



WO 01/92512 



-186- 



PCT/US01/17672 



; Pftenotype, Gene, : 
Plant & Targeted ^ 


Altering Oligos 


SEQ iD 
NO: 








Increased stearate 

stearoyl-ACP 

desaturase 


TTCTCTCTCTAGGTTGAGCGGTTACCMCAGAAGCACTTAGGAGA 

GAGAAGCAATGGCGTAGAAGCTTCACCACACGGCCTTCAATCCTT 

CCATGGCGGTTACCTCTTCGGGACTTCCTCG 


6725 


Simmondsia chinensis 

Leu3Term 

TTG-TAG 


CGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAGGC 

CGTGTGGTGAAGCTTCTACGCCATTGCTTCTCTCTCCTAAGTGCTT 

CTGTTGGTAACCGCTCAACCTAGAGAGAGAA 


6726 




AATGGCGTAGAAGCTTC 


6727 




GAAGCTTCTACGCCATT 


6728 


If lul cdocU bLcdldLc 

stearoyl-ACP 
desaturase 


GAAGCAATGGCGTTGTAGCTTCACCACACGGCCTTCAATCCTTCC 
ATGGCGGTTACCTCTTCGGGACTTCCTCGAT 


Or £a 


Simmondsia chinensis 

Lys4Term 

AAG-TAG 


ATCGAGGAAGTHnnGAAGAGGTAACCGCCATRGAARfiATTGAAG 
GCCGTGTGGTGAAGCTACAACGCCATTGCTTCTCTCTCCTAAGTG 
CTTCTGTTGGTAACCGCTCAACCTAGAGAGAG . 


67^0 

U I Jv 




TGttnGTTGTAGnTTnAn 


v/ J 1 






U/ 0£ 


Increased stearate 

stearoyl-ACP 

desaturase 


AAGCMTGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCAT 
GGCGGTTACCTCTTAGGGACTTCCTCGATCGTATCACCTCAGATC 
TCACCGCGI 1 1 ICATGGCTTCTTCTACAAT 


6733 


Simmondsia chinensis 

Ser19Term 

TCG-TAG 


ATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGATAC 

GATCGAGGAAGTCCCTAAGAGGTAACCGCCATGGAAGGATTGAAG 

GCCGTGTGGTGAAGCTTCAACGCCATTGCTT 


6734 




TACCTCTTAGGGACTTC 


6735 




GAAGTCCCTAAGAGGTA 


6736 


Increased stearate 

stearoyl-ACP 

desaturase 


GCAATGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCATG 
GCGGTTACCTCTTCGTGACTTCCTCGATCGTATCACCTCAGATCTC 
ACCGCGI 1 1 1 CATGGCTTCTTCTACAATTG 


6737 


Simmondsia chinensis 

\JII 1 it 1 1 VI fUWlU VI III 1 wl lOlw 

Gly20Term 
GGA-TGA 


CAATTGTAGAAGAAfinnATGAAAAnfiCGGTGAGATnTGAGGTGAT 

ACGATCGAGGAAGTCACGAAGAGGTAACCGCCATGGAAGGATTGA 

AGGCCGTGTGGTGAAGCTTCAACGCCATTGC 






CCTCTTCGTGArTTrrT 






AGGAAGTCACGAAGAGG 


6740 


Increased stearate 

stearoyl-ACP 

desaturase 


IGGCICTGAATCTCAACCCCG"! 1 ICCACACCATTTCAG 1 G 1 CG 1 CG 
ATTGCCGTCTTTCTGACCTCGTCAAACGCCTTCTCGCAGATCTCCC 
AAATTCTTCATGGCTTCCACTCTCAGCAG 


6741 


Spinacia oleracea 

Ser21Term 

TCA-TGA 


CTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATCTGCGAGAA 
GGCGTTTGACGAGGTCAGAAAGACGGCAATCGACGACACTGAAAT 
GGTGTGGAAACGGGGTTGAGATTCAGAGCCA 


6742 



WO 01/92512 



PCT/USOl/17672 



187- 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



[increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Gln24Term 
ICAA-TAA 



I Increased stearate 
stearoyl-ACP 
desaturase 
Spinacia oleracea 
Arg29Term 
AGA-TGA 



I Increased stearate 

stearoyl : ACP 

desaturase 
\Spinacia oleracea 

Lys32Term 

AAA-TAA 



Altering Oligos 



SEOID 



GTCTTTCTGACCTCGTC 



GACGAGGTCAGAAAGAC 

AATCTCAACCCCGTTTCCACACCATT I CAGTGTCG 1 CGATTGCCGT 
CTTTCTCACCTCGTTAAACGCCTTCTCGCAGATCTCCCAAATTCTT 

r ATnnrtTTnn ACTCTCAGCAGCTCTTCTC 



6743 
6744 



TTTGGGAGATC 



GAGAAGAGCTGCTGAGAGTGGAAGCCATGAAGAA' 
TGCGAGAAGGCGTTTAACGAGGTGAGAAAGACGGCAATCGACGA 

r. AHTfi A A ATGGTGTGGAAACGGGGTTG AGATT . 



6746 



CACCTCGTTAAACGCCT 



AGGCGTTTAACGAGGTG 

TCCACACCATTTCAGTGTCGTCGATTGCCG I C 1 1 ^'^CTCGTC 
AAACGCCTTCTCGCIGATCTCCCAAATTCTTCATGGCTTCCACTCT 

rA^r.AnrTr.TTnTCCTAAGGAAGCGGAAA 



6747 



. . i CCGCTTCCTTAGGAGMGAGCTGCTGAGAGTGGMGCCMGA 
AGAATTTGGGAGATCAGCGAGAAGGCGTTTGACGAGGTGAGAAAG 
APrar.AATCGACGACACTGAAATGGTGTGGA 



6748 
6749 



6750 



CTTCTCGCIGATCTCCC 



GGGAGATCAGCGAGAAG 

, , , CAGTGTCGTCGATTGCCGTCTTTC I CACCTCGTCAAACGCCTT 
CTCGCAGATCTCCCIAATTCTTCATGGCTTCCACTCTCAGCAGCTC 

TTnTrnTAAGGAAGCGGAAAGCCTGMGA 



6751 



6752 



TCTTCAGGCTTTCCGCTTCCTTAGGAGMGAGCTGCTGAGAGTGG 
AAGCCATGAAGAATTAGGGAGATCTGCGAGMGGCGTTTGACGAG 

ttTftARAAAGACGGCMTCGACGACACTGAAA . 



GATCTCCCIAATTCTTC 



GAAGAATTAGGGAGATC 



6753 



6754 



6755 
6756 



Increased stearate 

stearoyl-ACP 

desaturase 

Solanum tuberosum 

LeulOTerm 

TTA-TGA 



CMTGGGGTGTCGTGAAAATCTCACAAMTGTTACCATTTCCTTGT 
TrTTPAnrnAGATCTGAGCGAGTTTTCAT 



ATGAAMCTCGCTCAGATCTGGCTGMGMCMGGAAATGGTMCA 
rrrTGTGAGATTTTCACGACACCCCATTGATATTCAGTGCCATTGTT 



nAT^nTnTRTTTTTCACCTCGACTATTT 



GGTGTCGTGAAAATCTC 



RAGATTTTCACGACACC 



6758 



6759 
6760 



WO 01/92512 



PCT/US01/17672 



-188- 





Phenotype, Gene, 

:i;|^nt&Tar|eted:: ; :: 




SEQID 
HO: 




Altering OJigos 










increasea siearaie 

stearoyl-ACP 

desaturase 


at a rrrpf^ a r^tyrn a a a a a a c± a cio atp a a p a AT^riP a ctci a at atp a 

A 1 Ab 1 UbAoo ! oAAAAALrAoAoLrA 1 UAAOAA 1 ouUAU 1 <aAA 1 A 1 LrA 

ATGGGGTGTCGTTATAATCTCACAAAATGTTACCATTTCCTTGTTCT 
TCAGCCAGATCTGAGCGAGTTTTCATGG 


0/0 I 


5 


Snlanum fiihpmsum 

\J\Jtai lUlli lUkJyJl L/OUf II 

LysHTerm 
AAA-TAA 


ACAI 1 1 1 GTGAGATTATAACGACACCCCATTGATATTCAGTGCCATT 
GTTGATGCTCTGTTTTTCACCTCGACTAT 


R7R? 






TftTPfTTTATAATPTPAP 


R7R? 






(TTCiAfiATTATAAPftAPA 


6764 




Increased stearate 

stearoyl-ACP 

desaturase 


GTGAAAAACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGT 
CGTTAAAATCTCACTAAATGTTACCATTTCCTTGTTCTTCAGCCAGA 
TCTGAGCGAG 1 1 1 1 CATGGCTTCAACCA 


6765 


10 


Solanum tuberosum 

Lys14Term 

AAA-TAA 


TGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAG 

GAMTGGTMCATTTAGTGAGATTTTAACGACACCCCATTGATATTC 

AGTGCCATTGTTGATGCTCTGTTTTTCAC 


6766 






AATCTCACTAAATGTTA 


6767 






TAACATTTAGTGAGATT 


6768 


15 


Increased stearate 

stearoyl-ACP 

desaturase 


ACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGTCGTTAAA 

ATCTCACAAAATGTGACCATTTCCTTGTTCTTCAGCCAGATCTGAG 

CGAGTTTTCATGGCTTCAACCATTCATCG 


6769 




\j\JlQIIUlll lUUUI KJOUlll 

Leu16Term 
TTA-TGA 


PfiATfiAATrSftTT^AAftrrATftAAAAPTPRrTPAnATPTPPPTfiAA 

GMCMGGAMTGGTCACATTTTGTGAGATTTTAACGACACCCCAT 
TGATATTCAGTGCCATTGTTGATGCTCTGT 


fi770 






PAAAATfTTGAPPATTTP 


R771 

Uf / 1 






ftAAATfiftTPAPA 1 1 1 1 ft 


R77? 


20 


Increased stearate 

stearoyl-ACP 

desaturase 


TGGCTCTGAGGCTGAACCCTAACCCTTCACAGAAGC 1 CTT ICICIC 

TCCTTCTTCATCATGATCTTCTTCTTCTTCATCGTTCTCGCTTCCTC 

AAATGGCTAGCCTCAGATCTCCAAGGTT 


6773 




Arachis hypogaea 

Ser21Term 

TCA-TGA 


AACCTTGGAGATCTGAGGCTAGCCATTTGAGGAAGCGAGAACGAT 
GAAGAAGAAGAAGATCATGATGAAGAAGGAGAGAGAMGAGCTTC 
TGTGAAGGGTTAGGGTTCAGCCTCAGAGCCA 


6774 






TTCATCATGATCTTCTT 


6775 






AAGAAGATCATGATGAA 


6776 


25 


Increased stearate 

stearoyl-ACP 

desaturase 


ACCCTAACCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCA 

TCTTCTTCTTCTTGATCGTTCTCGCTTCCTCAAATGGCTAGCCTCA 

GATCTCCAAGGTTCCGCATGGCCTCCAC 


6777 


30 


Arachis hypogaea 

Ser26Term 

TCA-TGA 


GTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCATTTGA 
GGAAGCGAGAACGATCAAGAAGAAGAAGATGATGATGAAGAAGGA 
GAGAGAAAGAGCTTCTGTGAAGGGTTAGGGT 


6778 



WO 01/92512 



- 189- 



PCTAJS01/17672 



Phenotype.Gene, 
Plant & Targeted : 
Alteration 



Altering Oligos 

•■•:-:-yX-:>:-9yy-y:^ 

iililil 



NO: 



TTCTTCTTGATCGTTCT 



I Increased stearate 

stearoyl-ACP 

desaturase 
Urach/s hypogaea 

Ser27Term 

TCG-TAG 



I Increased stearate 
stearoyl-ACP 
desaturase 
Aracrj/s hypogaea 
Ser29Term 
TCG-TAG 



AGAACGATCAA GAAGAA _____ 

CTMCCCTTCACAGMGCTCTTTCTCTCTCCTTCTTCATCATCATCT 
TCTTCTTCTTCATAGTTCTCGCTTCCTCAAATGGCTAGCCTCAGAT 

rTnrAAnnTTr.nGCATGGCCTCCACCCT 



AGGGTGGAGGCCATGCGGMCCTTGGAGATCTGAGGCTAGCCAT 
TTGAGGAAGCGAGAACIATGAAGAAGAAGAAGATGATGATGAAGA 
AnftAttAfiAfiAAAGAGCTTCTGTGAAGGGTTAG 



6779 



6780 



6781 



TTCTTCATAGTTCTCGC 



GCGAGAACIATGAAGAA ^ 

GGTTCCGCATGGC^TCCACCCTCCGCAC 



6782 



6783 



6784 



GTGCGGAGGGTGGAGGCCATGCGGMCCTTGGAGATCTGAGGCT 
AGCCATTTGAGGAAGCIAGAACGATGAAGAAGAAGAAGATGATGA 
TriAAf^AAfifiAGAGAGAAAGAGCTTCTGTGAAG 



ATCGTTCTAGCTTCCTC 



6785 



6786 



6787 



Increased stearate 
stearoyl-ACP 
I desaturase 
Gossypium hirsutum 
Leu3Term 
TTG-TAG 



Increased stearate 
stearoyl-ACP 
desaturase 
\Gossypium hirsutum 
Ser1-Term 
TCG-TAG 



GAGGAAGCIAGAACGAT 

AAAGT I AAAAGCCG I CCAAMCCCAM CCAGGAMbbUAMCbAA 



MGAAAAMTGGCTTAGMTTTTAATGCCATCGCCTCGAAATCTCA 
GAAGCTCCCTTGCTTTGCTCTTCCACCAAA 



TnGGTGGMGAGCAMGCM GGGAGC nCTGAG^CG^GCG 
ATGGCATTAAMTTCIMGCCATTTTTTCTTTTCGTTTGCCTTTCCT 
r^TTTfiGGTmGGACGGCTTTTAACTTT 



6788 



6790 



AATGGCTTAGAATTTTA 



6791 



TAAAATTCTAAGCCATT _ 

CCCAMCCA^GA^^GCA^^G^AMGA^A^A^^^C^^MTn 
TAATGCCATCGCCTAGAAATCTCAGAAGCTCCCTTGCTTTGCTCTT 

r r a m a a AftftP.C ACCCTTAGATCTCCCAA 



6792 



6793 



TTGGGAGATCTMGGGTGGCCTTTGGTGGMGAGCAMGCM 
GAGCTTCTGAGATTTCTAGGCGATGGCATTAAAATTCAAAGCCATT 

TTTTCTTTTCGTTTGCCTTTCCTGGTTTGGG 



6794 



CATCGCCTAGAMTCTC 



GAGATTTCTAGGCGATG 



6795 
6796 



WO 01/92512 



PCT/US01/17672 



- 190- 



Phenotype, Gene, 
Plant & Targeted 
Alteration I; 



Altering Oligos 



SEQ ID 



Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Lys11Term 

AAA-TAA 



CAMCCAGGAMGGCAMCGAAAAGAAAAAATGGCTTTGAATTTTA 
ATGCCATCGCCTCGTAATCTCAGAAGCTCCCTTGCTTTGCTCTTCC 
ACCAAAGGCCACCCTTAGATCTCCCAAGT 



ACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAG 
GGAGCTTCTGAGATTACGAGGCGATGGCATTAAAATTCAAAGCCA 
CTTTTCGTTTGCCTTTCCTGGTTTG 



TV 



TCGCCTCGTAATCTCAG 



CTGAGATTACGAGGCGA 



6797 



6798 



6799 



6800 



10 



Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Gln13Term 

CAG-TAG 



AGGAMGGCAMCGAAMGAAAAMTGGCTTTGAATTTTAATGCCA 
TCGCCTCGAMTCTTAGAAGCTCCCTTGCTTTGCTCTTCCACCAAA 
GGCCACCCTTAGATCTCCCAAGTTTTCCA 



TGGAAAACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAA 
AGCMGGGAGCTTCTAAGATTTCGAGGCGATGGCATTAAAATTCAA 
AGCCAI 1 1 1 1 1 CTTTTCGTTTGCCTTTCCT 



6801 



6802 



CGAAATCTTAGAAGCTC 



6803 



GAGCTTCTAAGATTTCG 



6804 



WO 01/92512 



-191- 



PCT/US01/17672 



Table 24 

Oligonucleotides to produce plants with reduced linolenic acid 



Phenotype f Gene, 
Plant& Targeted 
Alt eration 



Altering Oligos 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
\Arabidopsis thaliana 
Ser4Term 
TCG-TAG 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
\Arabidopsis thaliana 
Leu6Term 
TTA-TGA 



I Reduced linolenic acid 

omega-3 fatty acid 

desaturase 
\Arabidopsis thaliana 

SerTTerm 

TCA-TGA 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
\Arabidopsis thaliana 
Glu8Term 
GAA-TAA 



TCCAATGGCGAGCTAGGTTTTATCAGMTGTGGTTTTAGACCTCTC 

CCCAGATTCTACCCTAAACACACAACCTC aaa ^ a 

GAGGTTGTGTGTTTAGGGTAGMTCTGGGGAGAGGTCTAAAACCA 
CATTCTGATAAAACCIAGCTCGCCATTGGAGCCTCTTCCCAAGAAG 

AAAAGAGGAAAAAGTCTCTGTCGTTCTATT 



SEQID 

NO: 



GGCGAGCTTGGTTTTAT 



ATAAAACCAAGCTCGCC ^ .,^_.^ r — 

ACGACAGAGAC 1 1 1 1 ICCTCTTTTCI I CI rQQ<^AGGCl^i 
GGCGAGCTCGGTTTGATCAGAATGTGGTTTTAGACCTCTCCCCAG 

ATTnTA CCCTAAACACACAACCTCTTTTGC 

_ . ,^«n.ATTT a r>r>r>T A O A A1 



6805 



6806 



6807 



ATTCTAUUU I AAAUAOMUmmv^ lonnw A 

GCAAMGAGGTTGTGTGTTTAGGGTAGMTCTGGGGAG^^ 
AAACCACATTCTGATCAAACCGAGCTCGCCATTGGAGCCTCTTCC 

CAAGAAGAAAAGAGGAAAAAGTCTCTGTCGT 



CTCGGTTTGATCAGMT 

ATTCTGATCAAACCGAG ... ....^ . 

ACAGAGACTTTTTCCTCTrTTCTTCTTGGGAAGAGGCTCCAA I UUU 
GAGCTCGGTTTTATGAGAATGTGGTTTTAGACCTCTCCCCAGATTC 

TACCCTAMCACACMCCTCTT TTGCCTC 



6810 



6811 



GAGGCAAMGAGGTTGTGTGTTTAGGGTAGMTCTGC^GAGAGGT 
CTAAAACCACATTCTCATAAAACCGAGCTCGCCATTGGAGCCTCTT 

CCCAAGMGAAAAGAGGAAAAAGTCTCTGT 



GGTTTTATGAGAATGTG 



6814 



CACATTCTCAT AAAACC . 

| AG AG AC 1 1 1 1 1 CC I CTTTTCTTCTTGGGMGAGGCTCCMI 
GCTCGGTTTTATCAIAATGTGGTTTTAGACCTCTCCCCAGATTCTA 

C CCTAAACACACAACCTCTTTTGCCTCTA 

^AGAGGCMAAGAGGTTG^ 

GTCTAAAACCACATTATGATAAAACCGAGCTCGCCATTGGAGCCTC 
TTCCCAAGAAGAAAAGAGGAAAAAGTCTCT 



6815 



TTTTATCAIAATGTGGT 



ACCACATTATGATAAAA 



6818 



6819 



6820 



WO 01/92512 



-192- 



PCT/US01/17672 



Phenotype, Gene, 
; Plant & Targeted 

• ••- -r ••: -• MlWl:dUOR<?:::::::<::V:\::::::>> 




■ 


Altering Oligos 


SEQ}D ; 
i NO' 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TCATCATCTTCTTC'l I C I GGGGAGAGAGAGAGAGCAAAAGAGCTCT 

AGCMTGGCGAACTAGGTCTTATCCGAATGTGGCATAAGACCTCT 

CCCCAGMTCTACACCACACCCAGATCCAC 


6821 


Brassica juncea 

Leu4Term 

TTG-TAG 


GTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTTATGCCA 
CATTCGGATAAGACCTAGTTCGCCATTGCTAGAGCTCTTTTGCTCT 
CTCTCTCTCCCCAGAAGAAGAAGATGATGA 


6822 




GGCGAACTAGGTCTTAT 


6823 | 




ATAAGACCIAGTTCGCC 


6824 


Reduced linolenic acid 

1 WWUVWVI If J IVIWI M.V UVlM 

omega-3 fatty acid 
desaturase 


TCTTCTTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAA 
TGGCGAACTTGGTCTGATCCGAATGTGGCATAAGACCTCTCCCCA 
GAATCTACACCACACCCAGATCCACTTTCCT 


6825 


Brassica juncea 

Leu6Term 

TTA-TGA 


AGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTT 
ATGCCACATTCGGATCAGACCAAGTTCGCCATTGCTAGAGCTCTTT 
TGCTCTCTCTCTCTCCCCAGAAGAAGAAGA 


6826 




CTTGGTCTGATCCGAAT 


6827 




ATTCGGATCAGACCAAG 


6828 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCG 
AACTTGGTCTTATCCTAATGTGGCATAAGACCTCTCCCCAGAATCT 
ACACCACACCCAGATCCACTTTCCTCTCCA 


6829 


8rass/ca juncea 

Glu8Term 

GAA-TAA 


TGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGA 
GGTCTTATGCCACATTAGGATAAGACCAAGTTCGCCATTGCTAGAG 
CTC 1 1 1 1 GCTCTCTCTCTCTCCCCAGAAGAA 


6830 




TCTTATCCIAATGTGGC 


6831 




GCCACATTAGGATAAGA 


6832 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCGAACTT 

GGTCTTATCCGAATGAGGCATAAGACCTCTCCCCAGAATCTACAC 

CACACCCAGATCCACTTTCCTCTCCAACACC 


6833 


Brassica juncea 

Cys9Term 

TGT-TGA 


GGTGTTGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGG 
GAGAGGTCTTATGCCTCATTCGGATAAGACCAAGTTCGCCATTGCT 
AGAGCTC 1 1 1 IGCTCTCTCTCTCTCCCCAG 


6834 




TCCGAATGAGGCATAAG 


6835 




CTTATGCCTCATTCGGA 


6836 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ATAACAGAATTGCTGAATTCTl GCA 1 1 1 1 IAGCTTCTGGGI 1 1 ICM 
TGGCTGCTGGTTGAGTATTATCAGAATGTGGTTTMGGCCTCTCCC 
AAGAATCTACTCACGACCCAGAATTGGT 


6837 


Ricinus communis 

TrpSTerm 

TGG-TGA 


ACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTTAAACC 
ACATTCTGATAATACTCAACCAGCAGCCATTGAAAACCCAGAAGCT 
AAAAATGCAAGAATTCAGCAATTCTGTTAT 


6838 : 



WO 01/92512 



PCT/US01/17672 



193 



Phenotype, Gene, 
Plant & Targeted 
Alteration 



Altering Oligos 



1BI 

NO: 



GCTGGTTGAGTATTATC 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
\Ricinus communis 
Leu7Term 
TTA-TGA 



GATAATACTCAACCAGC ^ _ 

AGAATTGCTGAATTCTTGCA 1 1 1 1 1 AGU ITCTGGG 1 1 MUAATGGCT 
GCTGGTTGGGTATGATCAGAATGTGGTTTAAGGCCTCTCCCAAGA 

ATnTAnTCACGACCCAGAATTGGTTTTAC 



6839 



dTAAMCCMTTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTT 
AAACCACATTCTGATCATACCCAACCAGCAGCCATTGAAAACCCAG 

A AftHTAAAAATGCAAGAATTC AGCAATTCT 



6840 
"6841" 



6842 



TTGGGTATGATCAGAAT 



ATTCTGATCATACCCAA 



6843 



6844 



I Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
10 \Ricinus communis 
Ser8Term 
TCA-TGA 



[Reduced linolenic acid 
omega-3 fatty acid 
15 desaturase 

\Ricinus communis 
Glu9Term 
GAA-TAA 



Reduced linolenic acia 
20 pmega-3 fatty acid 
desaturase 
\Nicotianatabacum 
Arg22Term 
AGA-TGA 



ATTGCTGAATTCTTGCATTTTTAGCTTCTGUUI 1 1 1 uAATGGCTGCT 
GGTTGGGTATTATGAGAATGTGGTTTAAGGCCTCTCCCAAGAATCT 

AnTnAnGACCCAGAATTGGTTTTACATC 



GATGTAAMCCMTTCTGGGTCGTGAGTAGATTCTTGC3GAGAGGC 
CTTAAACCACATTCTCATAATACCCAACCAGCAGCCATTGAAAACC 
rAfiAAGCTAAAAATGCAAGAATTCAGCAAT 



GGTATTATGAGAATGTG 



CACATTCTCATAATACC ^ 

TGCTGAATTCTTGCATTTTTAGCTTCTGGUI 1 1 1 u aaTGGCTGCTG 
GTTGGGTATTATCATAATGTGGTTTAAGGCCTCTCCCAAGAATCTA 

rTP.AnfiACCCAGMTTGGTTTTACATCGA 



6845 



6846 



6847 



TCGATGTAAAACCAATTCTGGGTCGTGAGTAGATTC ITGGGAGAG 
GCCTTAAACCACATTATGATAATACCCAACCAGCAGCCATTGAAAA 

r.nr.AfiAAGCTAAAAATGCAAGAATTCAGCA 



TATTATCAIAATGTGGT 



ACCACATTATGATAATA 

TCTACCCTMGCCCIGAACTGGGGCAGCCACTTCTGCCTCCTCTC 
ACATTAAGTTGAGAATTTCACGTACAGATC 



GATCTGTACGTGAMTTCTCMCTTMTGTGAGAGGAGGCAGMGT 
GGCTGCCCCAGTTCAGGGCTTAGGGTAGATTCTTGGGAGTGGTCT 

a Aft AC.P, AC ATTCTGATAAAACCCAACTTGC 



CTAAGCCCIGAACTGGG 



CCCAGTTCAGGGCTTAG 



6848 
6849~ 



6850 



6851 



6852 



6854 



6855 
6856 



WO 01/92512 



PCT/US01/17672 



-194- 



Phenotype, Gene, 
; Plant & Targeted 




SEQ ID 


' -.Altering Oligos , ' , \[ • ■ • • : i 






rteuuceu iinoienic acio 
omega-3 fatty acid 
desaturase 


PTP^r AA/^A ATPTArPPTA A /^PPP A H. A A PTY^^HP A f^PP A PTTPT 
L» 1 UUUAMonA 1 Lr 1 AUUO 1 /aAoOOOAo/v\L> 1 ooooOMoUUALr 1 1 O 1 

GCCTCCTCTCACATTTAGTTGAGAATTTCACGTACAGATCTGAGTG 
GTTCTGCAATTTCTTTGTCTAATACTAATA 


RR^7 
000/ 


Nicofiana fabacum 

Lys34Term 

AAG-TAG 


TATTAfJTATTARArAAARAAATTGnAGAACnACTnAGATnTGTAnG 
TGAAATTCTCAACTAAATGTGAGAGGAGGCAGAAGTGGCTGCCCC 
AGTTCTGGGCTTAGGGTAGATTCTTGGGAG 


6858 i 




PTPApATTTAmT^AnA 

1 UnUn 1 1 J_MO 1 1 OMO/A 


RR5Q 




TrTPAAfTAAATftTftAf; 


6860 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCT 
CCTCTCACATTAAGTAGAGAA 1 1 1 CACGTACAGATCTGAGTGGTTC 
TGCAATTTCTTTGTCTAATACTAATAAAGA 


6861 


Nicofiana tabacum 

Leu35Term 

TTG-TAG 


TCTTTATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCTGT 

ACGTGAAATTCTCTACTTAATGTGAGAGGAGGCAGAAGTGGCTGC 

CCCAGTTCTGGGCTTAGGGTAGATTCTTG 


6862 




CATTAAGTAGAGAATTT 


6863 




AAATTCTCTACTTAATG 


6864 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCTCC 

TCTCACATTMGTTGTGAATTTCACGTACAGATCTGAGTGGTTCTG 

CAATTTCTTTGTCTAATACTAATAAAGAGA 


6865 


Nicofiana tahanim 

Arg36Term 

AGA-TGA 


lUlul 1 1 /A 1 1 /AO 1 Ml I MOMO/A/A/AOrVA/A 1 1 OOMO/A/AOO/AO 1 UnUn 1 O 1 

GTACGTGAAATTCACAACTTAATGTGAGAGGAGGCAGAAGTGGCT 
GCCCCAGTTCTGGGCTTAGGGTAGATTCT 


6866 




TT A A nTTnTft A ATTTP A 

1 i /A/AO 1 | OJ_OM/A 1 \ \ \jt\ 


RRR7 




T^AAATTPArAAPTTAA 

I O/A/A/A 1 1 UMunnu 1 1 r\r\ 


RRRR : 

UUUU i 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GCGAGTTGGGTTTTATCAGAATGTGGTCTGAGGCCACTCCCGAGG 
GTCTATCCTAAGCCATGAACTGGCCACCCTTTGTTGAATTCCAATC 
CCACAAAGCTGAGA 1 1 1 1 CAAGAACAGATC 


6869 


Sesamum indicum 

Arg22Term 

AGA-TGA 


GATCTGTTCTTGAAAATCTCAGCTTTGTGGGATTGGAATTCAACAA 
AGGGTGGCCAGTTCATGGCTTAGGATAGACCCTCGGGAGTGGCC 
TCAGACCACATTCTGATAAAACCCAACTCGC 


6870 




CTAAGCCATGAACTGGC 


6871 




GCCAGTTCATGGCTTAG 


6872 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGAATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAA 
GAACTGGCCACCCTTAGTTGAATTCCAATCCCACAAAGCTGAGATT 
TTCAAGAACAGATCTTGGAAATGGTTCTTC 


6873 


Sesamum indicum 

Leu27Term 

TTG-TAG 


GAAGAACCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGTGG 
GATTGGAATTCAACTAAGGGTGGCCAGTTCTTGGCTTAGGATAGA 
CCCTCGGGAGTGGCCTCAGACCACATTCTG 


6874 



WO 01/92512 



PCT/US01/17672 



195- 



[ Phenotype,Gene, 
% Plant & Targeted 
Alteration 



Altering Oligos 



SEQtDj 
NO: 



I Reduced linolenic acid 
pmega-3 fatty acid 

desaturase 
\Sesamum indicum 

Leu28Term 

TTG-TAG 



CCACCCTTAGTTGAATT 



AATTCAACIAAGGGTGG _ _ 

AATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAAGAA 
CTGGCCACCCTTTGTAGMTTCCMTCCCACAMGCTGAGATTTTC 
AAGAACAGATCTTGGAAATGGTTCTTCATT 



6875 



MTGMGMCCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGT 
GGGATTGGAATTCIACAAAGGGTGGCCAGTTCTTGGCTTAGGATA 

RACCCTCGGGAGTGGCCTCAGACCACATT . 



CCCTTTGTAGMTTCCA 



TGGAATTCIACAAAGGG 



I Reduced linolenic acid 
pmega-3 fatty acid 

desaturase 
\Sesamum indicum 

Lys34Term 

AAG-TAG 



deduced linolenic acic 
|omega-3 fatty acid 
desaturase 
\Brassica napus 
Tyr3Term 
TAC-TAG 



I Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
firass/ca napus 
Arg6Term 
AGA-TGA 



CTCCCGAGGGTCTATCCTMGCCAAGAACTGGCCAUUU I rTGTTG 
MTTCCMTCCCACATAGCTGAGATTTTCAAGAACAGATCTTGGAA 

ATftttTTPTTHATTCTGTTTGTCGAGTGGGA 



TCCCACTCGACAAACAGAATGAAGAACCATTTCCAAGATCTGTTCT 
TGAAAATCTCAGCTATGTGGGATTGGAATTCAACAAAGGGTGGCC 
AfiTTGTTGGCTTAGGATAGACCCTCGGGAG . 



ATCCCACAIAGCTGAGA 



6876 
6877 



6878 



6879 



6880 



6881 



6882 



6883 



TCTCAGCTATGTGGGAT 

GMGTCTATGAGTTAGGTCGTC^AGAGCTAGCCATCGTGTTCGC 
AnTAGCTGCTGGAGCTGCTTACCTCAACAAT 



ATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACACGATGGC 
TAGCTCTCTGACGACCTAACTCATAGACTTCCATGGATTCTTAACC 

nAGCAATGCTTAGGTATCGCCGCTCTGATG 



ATGAGTTAGGTCGTCAG 



CTGACGACCTAACTCAT 

GCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCA I UGAAGTCT 
ATGAGTTACGTCGTCIGAGAGCTAGCCATCGTGTTCGCACTAGCT 

nnTGGAGCTGCTTACCTCAACAATTGGCTTG 



6886 



6887 



6888 
6889 



CAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACA 
CGATGGCTAGCTCTCAGACGACGTAACTCATAGACTTCCATGGAT 

TnTTAACCCAGCAATGCTTAGGTATCGCCGC 



6890 



ACGTCGTCIGAGAGCTA 



6891 



TAGCTCTCAGACGACGT 



6892 



WO 01/92512 



-196- 



PCT/US01/17672 



: Phenotype, Gene, • 






Plant & Targeted 


Altering Oligos 


SEQ1D 


Alteration : ■ 




NO: 


omega-3 fatty acid 
desaturase 


GTTACGTCGTCAGATAGCTAGCCATCGTGTTCGCACTAGCTGCTG 
GAGCTGCTTACCTCAACAATTGGCTTGTTT 


6893 


Brassies nanus 

Glu7Term 

GAG-TAG 


AAACAAGCCAATTGtTGAGGTAAGCAGCTCCAGCAGCTAGTGCGA 

ACACGATGGCTAGCTATCTGACGACGTAACTCATAGACTTCCATG 

GATTCTTAACCCAGCAATGCTTAGGTATCGC 


6894 




TCGTCAGATAGCTAGCC 


6895 




GGCTAGCTATCTGACGA 


6896 


omega-3 fatty acid 
desaturase 


nnATRRAAGTnTATGAGTTAnnTfiGTnAGAGAGCTAGCCATCGTG 
TTCGCACTAGCTGCTTGAGCTGCTTACCTCAACAATTGGCTTGTTT 
GGCCTCTCTATTGGATTGCTCAAGGMCCA 


6897 


ordssicd napus 

Gly17Term 

GGA-TGA 


1 bo 1 1 OLr I 1 0A0UAA 1 UOAA 1 AbAbAobUOAAAL»AAoOLrAA Moll 

GAGGTAAGCAGCTCAAGCAGCTAGTGCGAACACGATGGCTAGCT 
CTCTGACGACGTAACTCATAGACTTCCATGG 


ooyo 




1 AoO 1 bU 1 J_oAoU 1 bL 1 






AoCAGU I OAAbUAbUTA 


conn 


i\cUUl/CU INIUIclllU dl/IU 

omega-3 fatty acid 
desaturase 


ftPAAftTT^fTTTrTATrAftAATCT 

TATACCCAAAGCCCTGAATAGGGTCTTCTTCCGTTTGCGCCACCAA 
TTTAAATCTGAGAAGAATTTCACCTTCAC 


fi901 

\JZJ\J 1 


Sfilanum fnh^msiiin 

Arg22Term 
AGA-TGA 


fiTRAAGGTRAAATTrTTrTrARATTTAAATTGGTGGrRnAAArGGA 
AGAAGACCCTATTCAGGGCTTTGGGTATATTCTTGGTAGTGGTCTA 
AGACCACATTCTGATAGAACCCAACTTGC 


B902 




PAAA^rrrTnAATAfinn 


6903 




CCC TA 1 ICAGGGC IMG 


6904 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TGGTCTTAGACCACTACCAAGAATATACCCAAAGCCCAGAATAGG 
GTCTTCTTCCGTTTGAGCCACCAATTTAAATCTGAGAAGAATTTCA 
CCTTCACCTATACGAACAGATCGGAATTGT 


6905 


oulanUFu luuQfOSUm 

Cys29Term 
TGC-TGA 


AOAAI lOOuAIOIol lOulAIAooloAAooloAAAl IUI IUIOAoA 
TTTAAATTGGTGGCTCAAACGGAAGAAGACCCTATTCTGGGCTTTG 
GGTATATTCTTGGTAGTGGTCTAAGACCA 


oyuo 




tpppttt^ a rw* apoaa 
IUUoI 1 1 oA(jL.L/AL>UAA 






TTGGTGGCTCAAACGGA 


6908 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CACTACCAAGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGT 

TTGCGCCACCAATTGAAATCTGAGAAGAATTTCACCTTCACCTATA 

CGAACAGATCGGAATTGTTGGGCATTGAG 


6909 


Solanum tuberosum 

Leu33Term 

TTA-TGA 


CTCAATGCCCAACAATTCCGATCTGTTCGTATAGGTGAAGGTGAAA 
TTCTTCTCAGATTTCAATTGGTGGCGCAAACGGAAGAAGACCCTAT 
TCTGGGCTTTGGGTATATTCTTGGTAGTG 


6910 



WO 01/92512 



-197- 



PCT/USO 1/17672 




Reduced iindlenic acid 
omega-3 fatty acid 
desaturase 
\ Solatium tuberosum 
Arg36Term 
AGA-TGA 



TCAGATTTCAATTGGTG 

AGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCG 1 1 1 wCGCCA 
CCMTTTAMTCTGIGMGAATTTCACCTTCACCTATACGAACAGAT 

P.ftfiAATTGTTGGGCATTGAGGGTAAGTG 



CACmCCCTCMTGCCCMCMTlCCGATCTGTTCGTAlAGGTGA 
AGGTGAMTTCTTCACAGATTTAAATTGGTGGCGCAAACGGAAGAA 
nAnnnTATTCTGGGCTTTGGGTATATTCT 



TAAATCTGIGAAGAATT 



Reduced iinolenic acia 
omega-3 fatty acid 
desaturase 
\Petroselinum crispum 
Trp4Term 
TGG-TGA 



Reduced Iinolenic acid 
omega-3 fatty acid 
desaturase 
IPetroselinum crispum 
Ser7Term 
TCA-TGA 



I Reduced Iinolenic acid 
omega-3 fatty acid 
desaturase 
\petroselinum crispum 
Glu8Term 
GAA-TAA 




TATGGCAAGTTGAGTGATTTCAGAATGTGGGCTAAGGCCACTTCC 
a AttA ATfT ATRCOAGGCCCAGAAGTGGA 



TCCACTTCTGGGCCTGGCATAGATTCTTGGMGTGGCUfTAGCCC 
ACATTCTGAAATCACICAACTTGCCATAGGTGACTCAGAACTCAAA 

AAAAACAAAGAAGAGGAGGATAATAAAGAG : 



GCAAGTTGAGTGATTTC 



GAAATCAC TCAACTTGC ^ 

TATCCTCCTCTTCTTTGI Mill rTGAGTTCTGAGTCACCTATGGCA 
AGTTGGGTGATTTGAGAATGTGGGCTMGGCCACTTCCAAGAATC 

TATfiCCAGGCCCAGAAGTGGAGCTTCATG 



6913 



6914 



6915 



6918 



6919 



CATGMGCTCCACTTCTGGGCCTGGCATAGATTCTTGGMGTGjoC 
CTTAGCCCACATTCTCAAATCACCCAACTTGCCATAGGTGACTCAG 

AAnTCAAAAAAAACAAAGAAGAGGAGGATA . 



GGTGATTTGAGAATGTG 



CACATTC TCAAATCACC ^ _____ 

TCCTCCTCTTCTTTGI 1 1 1 1 1 1 IGAbl I CTGAGTCACCTATGGCAAG 
TTGGGTGATTTCAIMTGTGGGCTAAGGCCACTTCCAAGAATCTAT 

fir.P.AGGCCCAGAAGTGGAGCTTCATGTT 



6920 



6922 



6923 



MCATGMGCTCCACTTCTGGGCCTGGCAIAC^ IUM IbGMGTG 
GCCTTAGCCCACATTATGAAATCACCCAACTTGCCATAGGTGACTC 

AfiAACTCAAAAAAAACAAAGAAGAGGAGGA . 



TGATTTCATAATGTGGG 



CCCACATTATGAAATCA 



6924 
6925 



6926 



6927 



6928 



WO 01/92512 



-198- 



PCT/US01/17672 



Phenotype, Gene, 
Plant & Targeted 






Altering Oligos 

:;>: ; : ; : ; : ; :;: ; : ; :;: : : : .;:;Xv: : ; ; : ; : ; :;X : : : : : x^ 


SEQ ID 




Rprinrpd linnlpnir anrl 

l VCUUvCU III IvslWl UUIU 

omega-3 fatty acid 
desaturase 


CICI IC"I 1 IGI 1 1 1 1 1 1 IGAGI ICIGAGICACC1 AIGGCAAGI IGGG 

TGATTTCAGAATGAGGGCTAAGGCCACTTCCAAGAATCTATGCCA 

GGCCCAGAAGTGGAGCTTCATGTTTCAAC 


6929 


ruifUoulIilUiTi CHopUm 

Cys9Term 
TGT-TGA 


o 1 1 UAAAOA 1 bAAbU 1 ULrALr 1 1 u 1 bbbUU 1 bbUA 1 AIjA MOM bbA 

AGTGGCCTTAGCCCTCATTCTGAAATCACCCAACTTGCCATAGGTG 
ACTCAGAACTCAAAAAAAACAAAGAAGAG 


oyou 




TPArAATPAnnppTAAP 
1 L/AoAA 1 bAbbbU 1 AAvj 


oyo i 




U 1 1 AoUL»Lr_l_LrA M Lr 1 bA 


oyoz 


Rprliirpri linnlpnir arirl 

omega-3 fatty acid 
desaturase 


ATGAAGnAG^AArAGTArAAAGArArrrrAATTrTAAATGGCGTTA 
ATGGTTTTCATGCTTAAGAAGAAGAAGAAGAAGAGGATTTCGACTT 
AAGCAATCCTCCTCCATTCAATATTGGTC 


\JZj\J\J 


Vernicid fordii 

Lys21Term 

AAA-TAA 


GACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTCTTC 
TTCTTCTTCTTCTTAAGCATGAAAACCATTAACGCCATTTAGAATTG 
GGGTGTCTTTGTACTGTTGCTGCTTCAT 


6934 




TTCATGCTTAAGAAGAA 


6935 




TTCTTCTTAAGCATGAA 


6936 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AAGCAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATG 
Gill 1 CATGCTAAATAAGAAGAAGAAGAAGAGGATTTCGACTTAAG 
CAATCCTCCTCCATTCAATATTGGTCAGA 


6937 


vernicia loruu 

Glu22Term 

GAA-TAA 


1 U 1 uAUL-AA 1 A 1 1 VjAA 1 VjvjA(jVjA(jbA 1 1 taU 1 1 AAb 1 UoAAA 1 OL. 1 0 

TTCTTCTTCTTCTTATTTAGCATGAAAACCATTAACGCCATTTAGAA 
TTGGGGTGTCTTTGTACTGTTGCTGCTT 


oyoo 




ATPPTA A ATA AP A AP A A 

A 1 1 AAAXAAoAAoAA 


oyjy 




TTPTTPTTA 1 1 1 A PP A T 
1 lOI lul 1 A 1 I 1 AoOA 1 


£Q/in 


RpHnrpri linnlpnir ariH 

omega-3 fatty acid 
desaturase 


rARnAArAfiTArAAARArArrrrAATTrTAAATRttPfiTTAATRftTT 

\^f\\2\jiv\\^/\\j i nvrvAnxjnUnuw \^\st\r\ 1 lul r\i\r\ 1 Ouuvj l i r\r\ I uu I l 

TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCAATATTGGTCAGATCC 


6Q41 


VBmicis fordii 

Glu23Term 

GAA-TAA 


GGATCTGACCAATATTGAATfifiAGGAGGATTGCTTAAGTCGAAATn 
CTCTTCTTCTTCTTATTC 1 1 1 AGCATGAAAACCATTAACGCCATTTA 
GAATTGGGGTGTCTTTGTACTGTTGCTG 


6942 




CTAAAGAATAAGAAGAA 


6943 




TTCTTCTTATTCTTTAG 


6944 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCAATATTGGTCAGATCC 


6945 


Vernicia fordii 

Glu24Term 

GAA-TAA 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 
CTCTTCTTCTTCTTATTCTTT AGCATGAAAACCATTAACGCCATTTA 
GAATTGGGGTGTCTTTGTACTGTTGCTG 


6946 



WO 01/92512 



-199- 



PCT/US01/17672 



Phenotype, Gene : 
Plant & Targeted 
AHeratlor 































lllll 




Altering Oligo$ 




; >::0'- :: : ; : : : : : : ;-x ; ' : : : : : : : :;:-::>>: 




SEQ1D 
N0j_ 



^efluced linolenic acic 
I omega-3 fatty acid 
desaturase 
6/ycme max 
Tyr21Term 
TAT-TAG 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
6/yc/ne max 
Lys31Term 
AAG-TAG 



I Reduced linolenic acid 
pmega-3 fatty acid 

desaturase 

Glycine max 

Arg36Term 

AGA-TGA 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
G/yc/ne max 
Leu41Term 
AAA-TAA 



TTCTTCTTATTCTTTAG 

AGAAGATCAAGCTTAGTTTGATCCAAGTGCTCCACCACCCTTCAAG 

ATTftP-A AATATCAGAGCAGCAATTCCAAAA 

TTTTGGAATTGCTGCTCTGATATTTGCAATCTTGAAGGGTGGTGGA 

GCACTTGGATCAMCTAAGCTTGATCTTCTTTCCCTGCACCATTAC 

CAACATGTTGTAGAGGCTGTGC TTGGACC 

C AAGCTTAGTTTG ATC C 



6948 



6950 



GGATCAAACTAAGCTTG ^ .^ ===rr ^— 

GGTAATGGTGCAGGGAAAGAAGATCAAGCTT A 1 1 1 1 GATCCAAGTG 
CTCCACCACCCTTCIAGATTGCAAATATCAGAGCAGCAATTCCAM 

AC ATTGCTGGGAGAAGAACACATTGAGAT ^^-r 

ATCTCMTGTGTTCTTCTCCCAGCMTGTTTTGGMTTGCTGCTCT 
GATATTTGCAATCTAGAAGGGTGGTGGAGCACTTGGATCAAAATAA 

GCTTGATCTTCTTTCCCTGCAC CATTACC 

CACCCTTCIAGATTGCA 



6951 



6952 
6953 



6954 



TGCAATCTAGAAGGGTG 
AMGMGATCMGCTTATTTTGATCCAAGTGCTCCACC ACCG I IUA 
AGATTGCAAATATCTGAGCAGCAATTCCAAAACATTGCTGGGAGAA 

GAACACATTGAGA TCTCTGAGTTATGTTC 

GMCATMCTCAGAGATCTCMTGTGTTCTTCTCCCAGCMTGTTTT 

GGAATTGCTGCTCAGATATTTGCAATCTTGAAGGGTGGTGGAGCA 
CTTGGATCAAAATAAGCTTGATCTTCTTT . 



CAAATATCTGAGCAGCA 



TGCTGCTCAGATATTTG , 

TATTTTGATCCMGTGCTCCACCACCCTTCMGATTGCAMTATCA 
GAGCAGCAATTCCAIAACATTGCTGGGAGAAGAACACATTGAGATC 

TPTf^ Ar^TTATflTTCTGAGGGATGTGTTGG 

CCMCACATCCCTCAGMCATMCTCAGAGATCTCMTGTGTTCTT 
CTCCCAGCAATGTTATGGAATTGCTGCTCTGATATTTGCMTCTTG 

AAGGGTGGTGGAGCACTTGGATCAAAATA . 



6955 



6956 



6957 



6958 



CAATTCCATAACATTGC 
GCAATGTTATGGAATTG 



6959 
6960 
6961 



6962 



6963 
"6964" 
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Phenotype, Gene, 




■;v'>. ; : : :;:;:;>. : >:< : : : :x: : . : .;.; 
x : <x : : : : : : : : : :;'':-x:: : : : : : ; : x;>:; 


Plant & Targeted 
Alteration 


Altering Oligos 










Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CATCCACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGC 
CCGGCTCGTGCTCTCCTAGTGCTCGGGCCTCGCGCCCGTCCGCC 
GCCTGCGCGCCGGCCGGGGCGCCATTGCGGCGC 


6965 


Zea mays 
Glu8Term 
GAG-TAG 


GCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGGACGG 
GCGCGAGGCCCGAGCACTAGGAGAGCACGAGCCGGGCCATTGC 
CGCCGTCAGCGGGGCGGGTGCGGGTGCGGGTGGATG 


6966 




TGCTCTCCIAGTGCTCG 


6967 




CGAGCACTAGGAGAGCA 


6968 


Rprhippri linnlpnir arid 

omega-3 fatty acid 
desaturase 


ACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGG 
CTCGTGCTCTCCGAGTGATCGGGCCTCGCGCCCGTCCGCCGCCT 
GCGCGCCGGCCGGGGCGCCATTGCGGCGCGGTCA 


6969 


Zea mays 
Cys9Temn 
TGC-TGA 


TGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGG 

ACGGGCGCGAGGCCCGATCACTCGGAGAGCACGAGCCGGGCCA 

TTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGGGT 


6970 




TCCGAGTGATCGGGCCT 


6971 




AGGCCCGATCACTCGGA 


6972 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGGCT 

CGTGCTCTCCGAGTGCTAGGGCCTCGCGCCCGTCCGCCGCCTGC 

GCGCCGGCCGGGGCGCCATTGCGGCGCGGTCACC 


6973 


Zea mays 

SerlOTerm 

TCG-TAG 


GGTGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGC 

GGACGGGCGCGAGGCCCTAGCACTCGGAGAGCACGAGCCGGGC 

CATTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGG 


6974 




CGAGTGCTAGGGCCTCG 


6975 




CGAGGCCCIAGCACTCG 


6976 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GCTCGGGCCTCGCGCCCGTCCGCCGCCTGCGCGCCGGCCGGGG 

CGCCATTGCGGCGCGGTGACCCCCCGCGCTCTCCGCGGCGCCG 

CGCCGTCGTCCCGCGTCCGCGTCCATCCACCGCGA 


6977 


Zea mays 

Ser29Term 

TCA-TGA 


TCGCGGTGGATGGACGCGGACGCGGGACGACGGCGCGGCGCCG 

■ XX X^ XX XX XX 1 W/ \ 1 WmJi W wW W VI »XX X^ XX \«X X«^ X«^# iw wf IV W w V V w\/ w V w V 

CGGAGAGCGCGGGGGGTCACCGCGCCGCAATGGCGCCCCGGCC 
GGCGCGCAGGCGGCGGACGGGCGCGAGGCCCGAGC 


6978 




GGCGCGGTGACCCCCCG 


6979 




CGGGGGGTCACCGCGCC 


6980 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCCCCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGC 

CCCCGCAATGAGGCCGTAGCAGGAGGCGAGCTGCAAGGCCACC 

GAGGACCACCGCTCCGAGTTCGACGCCGCCAAGC 


6981 


Triticum aestivum 

Glu8Term 

GAG-TAG 


GCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGCCTTG 
CAGCTCGCCTCCTGCTACGGCCTCATTGCGGGGGCCATGGCCGC 
GGATGGATCTGTGCGTGTGCGTGGGGGAGGGGG 


6982 
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Phenotype, Gene, 
Plant & Targeted 
Alteration I 


A!tomigOligo$ 


-:-:-:v-:-: : : : :-.v: 
■ ;:':>>': ; :> : :': : :;: : : : :x:;:.:::::x* 

MO: 




T 


GAGGCCGIAGCAGGAG 


6983 


C 


:tcctgctacggcctca 


6984 


Reduced linolenic acid C 
omega-3 fatty acid C 
desaturase C 


;CTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCC 

:gcaatgaggccggagtaggaggcgagctgcaaggccaccgag 

3ACCACCGCTCCGAGTTCGACGCCGCCAAGCCGC 


6985 


Writicum aestivum ( 
Gln9Term ( 
C AG-TAG ( 


3cggcttggcggcgtcgaactcggagcggtggtcctuc3u i bbo 
:ttgcagctcgcctcctactccggcctcattgcgggggccatgg 

XGCGGATGGATCTGTGCGTGTGCGTGGGGGAGG 


6986 


( 


3GCCGGAGIAGGAGGCG 


6987 


1 [< 


:gcctcctactccggcc 


1 6988 


Reduced linolenic acid I 
omega-3 fatty acid * 
desaturase 


XCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCCCGC 
AATGAGGCCGGAGCAGTAGGCGAGCTGCAAGGCCACCGAGGALL 
AOCGCTCCGAGTTCGACGCCGCCAAGCCGCCGC 


6989 

■ 


Triticum aesftvum 

GlulOTerm 

GAG-TAG 


GCGGCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCC 1 I 

GGCCTTGCAGCTCGCCTACTGCTCCGGCCTCATTGCGGGGGCCA 

TGGCCGCGGATGGATCTGTGCGTGTGCGTGGGGG 


6990 


CGGAGCAGIAGGCGAGC 


6991 




GCTCGCCTACTGCTCCG 


6992 


Reduced linolenic acid 
pmega-3 fatty acid 
desaturase 


ACGCACAGATCCATCCGCGGCCATGGCCCCCGCAATGAGGCCGC 
AGCAGGAGGCGAGCTGAAAGGCCACCGAGGACCACCGCTCLbA 
GTTCGACGCCGCCAAGCCGCCGCCCTTCCGCATC 


5 6993 


Triticum aestivum 

Cys13Term 

TGC-TGA 


GATGCGGAAGGGCGGCGGCTTGGCGGCGTCGAACTCGGA(iUUL 
TGGTCCTCGGTGGCCTTTCAGCTCGCCTCCTGCTCCGGCCTCAP 
GCGGGGGCCATGGCCGCGGATGGATCTGTGCGT 


! 6994 

r 


GCGAGCTGAAAGGCCAC 


6995 




GTGGCCTTICAGCTCGC 


6996 


Reduced linolenic acia 
pmega-3 fatty acid, 
desaturase 


CTTCACAAAI CACAAA1 CGGAATCAGAI CCAUCACCiAUAUUUui^ 
a A-rnnrnnnrr A^nrftArrrAnfiAGGCCGACTGCAAGGC 
TTCCGAGGACGCCCGTCTCTTCTTCGACGCCGC 


r 6997 


Oryza sativa 

Ser4Term 

TCG-TAG 


GCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGCC 1 1 UUAU I 
GGCCTCCTGGGTCGCCTACGCCGCCATTGCCGCCGGGGTGTCG 

GGTGGATCTGATTCCGATTTGTGATTTGTGAAG 


C 6998 
T 


GGCGGCGTAGGCGACCC 


6999 




GGGTCGCCTACGCCGCC 


7000 
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Phenotype, Gene, . 






Plant & Targeted 
Alteration 


Altering Ohgos 


: SEQID 

1 NO; 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ATCACAAATCGGAATCAGATCCACCACGACACCCCGGC6GCAATG 

GCGGCGTCGGCGACCTAGGAGGCCGACTGCAAGGCTTCCGAGG 

ACGCCCGTCTCTTCTTCGACGCCGCCAAGCCCC 


7001 


Oryza sativa 

Gln7Term 

CAG-TAG 


GGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGC 

CTTGCAGTCGGCCTCCTAGGTCGCCGACGCCGCCATTGCCGCCG 

GGGTGTCGTGGTGGATCTGATTCCGATTTGTGAT 


7002 




CGGCGACCTAGGAGGCC 


7003 




GGCCTCCTAGGTCGCCG 


7004 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCAATGGC 

GGCGTCGGCGACCCAGTAGGCCGACTGCAAGGCTTCCGAGGACG 

CCCGTCTCTTCTTCGACGCCGCCAAGCCCCCGC 


7005 


Oryza sativa 

Glu8Term 

GAG-TAG 


GCGGGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGA 
AGCCTTGCAGTCGGCCTACTGGGTCGCCGACGCCGCCATTGCCG 
CCGGGGTGTCGTGGTGGATCTGATTCCGATTTGT 


7006 




CGACCCAGTAGGCCGAC 


7007 




GTCGGCCTACTGGGTCG 


7008 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TCAGATCCACCACGACACCCCGGCGGCAATGGCGGCGTCGGCGA 

CCCAGGAGGCCGACTGAAAGGCTTCCGAGGACGCCCGTCTCTTC 

TTCGACGCCGCCAAGCCCCCGCCCTTCCGCATC 


7009 


Oryza sativa 
Cys1 OTerm 
TGC-TGA 


GATGCGGAAGGGCGGGGGCTTGGCGGCGTCGAAGAAGAGACGG 
GCGTCCTCGGAAGCCTTTCAGTCGGCCTCCTGGGTCGCCGACGC 
CGCCATTGCCGCCGGGGTGTCGTGGTGGATCTGA 


7010 




GCCGACTGAAAGGCTTC 


7011 




GAAGCCTTTCAGTCGGC 


7012 
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WHAT IS CLAIMED IS: 

1 An oligonucleotide for targeted alteration of genetic sequence, comprising a single- 
stranded oligonucleotide having a DNA domain, said DNA domain having at least one mismatch with respect 
to the genetic sequence to be altered, and further comprising chemical modifications of the oligonucleotide, 
said chemical modifications selected from the group consisting of an o-methyl modffication, an LNA 
modification including LNA derivatives and analogs, two or more phosphorothioate linkages on a termmus, 
and a combination of any two or more of these modifications. 

2. The oligonucleotide according to claim one that comprises two or more 
phosphorothioate linkages on at least the 3' terminus. 

3. The oligonucleotide according to claim one that comprises a 2-0-methyl analog. 

4. The oligonucleotide according to claim one that comprises an LNA nucleotide, 
including an LNA derivative or analog. 

5 The oligonucleotide according to claim one that comprises a combination of at least 
two modifications selected from the group of a phosphorothioate linkage, a 2'-0-methyl analog, a locked 
nucleotide analog and a ribonucleotide. 

6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 

7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence of 
said oligonucleotide is selected from the group consisting of SEQ ID NOS: 4341-701 2 . 

8. A method of targeted alteration of genetic material, comprising combining the target 
genetic material with an oligonucleotide according to any one of claims 1 to 7 in the presence of purified 
proteins. 
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9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

1 0. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in callus, comprising 
administering to the callus an oligonucleotide of any one of claims 1 to 7. 



1 2. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7, said target genetic material 
being a non-transcribed DNA strand of a duplex DNA. 

1 3. The genetic material obtained by any one of the methods of claim 8, 9 or claim 1 0. 

1 4. A cell comprising the genetic material of claim 1 3. 

1 5. A plant organism comprising the cell according to claim 14. 

1 6. A plant or plant part produced by the method of claim 1 1 . 

1 7. A method of determining whether an oligonucleotide is optimized for targeted 
alteration of a genetic sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a second 
oligonucleotide, said second oligonucleotide selected from the group of an oligonucleotide that lacks the 
mismatch, a fully modified phosphorothiolated oligonucleotide, a fully modified 2-O-methylated 
oligonucleotide and a chimeric double-stranded double hairpin containing RNA and DNA nucleotides. 
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1 8. The method of claim 1 7 in which the alteration is produced in a plant cell extract 

19. The method of claim 17 in which the alteration is produced in a cell. 

20. A kit comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected from the group of an oligonucleotide that lacks the mismatch, a fully 
modified phosphorothiolated oligonucleotide, a fully modified 2-O-methylated oligonucleotide and a chimeric 
double stranded double hairpin containing RNA and DNA nucleotides. 
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Wild type: GAC AGC AT jCjGCCAGT 
Mutant: GAC AGC AT- GCCAGT 
Converted: GAC AGC AT ff]GCCAGT 



Sequence analysis of Tet r plasmid A208 



Control 



3S/25A 




Figure 3 
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DNA sequence analysis of Kan r plasmids 



Target codon distribution 

oligomer TAG TAC 

1) 3S/25G (20) + 
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Figure 5 
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Figure 6 
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HvaE3T/25: 5'-AGG GCG TGG ATA CGT CCT GCG GGT A- 3' 



HvaE3T/74- 5'-CTC GTG CTT TCA GCT TCG ATG TAG GAG GGC 

GTG~GAT ACG TCC TGC GGG TAA ATA GCT GCG 

CCG ATG GTT T CT AC- 3' 



HvaE3T/74a: 5'-GTA GAA ACC ATC GGC GCA GCT ATT TAC CCG 

CAG~GAC GTA TCC ACG CCC TCC TAC ATC GAA 

GCT GAA AGC ACG AG- 3' 



H yaGG/Rev; 

T T 

A / x 

T ACATCCTCCCGCACCTATGCAGGACGCCCAT T 
T TGTAGGagggcguggaTAGGTccugcgggua T 

\ / / \ V 

T 3' 5' T 



Kan70T: 5 '-CAT CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 
CGT"^5C CGA ATA GCC TCT CCA CCC AAG CGG CCG GAG 
A-3' 



Figure 8 
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TTCGGCTA G GACTGG Neo/kan target 

AAGCCGAT C CTGACC mutant 



TTCGGCTA C GACTGG 
AAGCCGAT G CTGACC 



converted 



FUSION GENE FOR LIGAND BINDING 




WO 01/92512 



12/13 



PCT/US01/17672 




Figure 10 
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Converted: c 
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: Converted 



KanGG 

< U - CCTCTCCGATAAGCCGATGCTOACCCGTGTT " U 

< ^.GGAGAGgcuauucggcuaggacugggcacaa ^ w 
y 5 ', 



TetA208T 

TGCGCGaaggcugncgTAg^gucagugauaT 

T I 
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TCGOGC TICCCAQ^GCATCC3Ga^GrQ^CTATT 
3' 5' 
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